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MASON BLANCHARD THOMAS. 


On Wednesday evening, March 6, 1912, Mason Blanchard Thomas, 
Professor of Botany at Wabash College and Dean of the Faculty, died at 
his home in Crawfordsville of an acute attack of pleurisy. 

Mason B. Thomas was born at New Woodstock, N. Y., December 16, 
1866. He prepared for college at Cazenovia Academy and entered the 
College of Arts and Sciences at Cornell University in the fall of 1886. 
He was graduated with the degree of B. S. in 1890 and was awarded a 
graduate fellowship in biology at Cornell for the following year. In 1891 
he came to Wabash College as Professor of Biology, and after 1895, when 
the department was divided, he gave his whole time to the study and teach- 
ing of Botany. 

While at Cornell he was elected to membership in the Sigma Xi So- 
ciety and at Wabash was elected as an organization member of the Phi 
Leta Kappa Society. In 1907 an honorary Ph.D. was conferred upon him 
by the trustees of Wabash. 

In June, 1893, he was joined in marriage to Miss Annie Davidson, only 
daughter of Judge and Mrs. T. F. Davidson, of Crawfordsville, and his 
wife survives him. 

Professor Thomas was a great teacher. He brought to his work a 
thorough knowledge of his subject, an unbounded energy and enthusiasm, 
and a personal interest in and love for his students. He was active also 
in furthering the general interests of the college; was for many years 
the chairman of the Athletic Committee of the Faculty, and since 1907 
has been the Dean of the Faculty. He was a fellow and past president of 
the Indiana Academy of Science and has always been active in its serv- 
ice. At the time of his death he was secretary of the Indiana F6restry 
Association and chairman of its Educational Committee, and secretary of 
the Board of Trustees of the Boys’ School at Plainfield. He was also a 
fellow of the American Association for the Advancement of Science and 
a member of the American Microscopical Society, the American Forestry 
Association, the Botanical Society of America, the American Phyto- 
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pathological Society, the Society of Western Naturalists, and the Corpo- 
ration of the Marine Biological Laboratory at Woods Hole. 

For twenty years Professor Thomas has given his best efforts in the 
service of Wabash College, of Crawfordsville, and of the State of In- 
diana, and his influence will long be felt through the work he has done 
and the inspiration he has given to his students and associates. 
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AN ACT TO PROVIDE FOR THE PUBLICATION OF THE REPORTS 
AND PAPERS OF THE INDIANA ACADEMY OF SCIENCE. 


[Approved March 11, 1895.] 


WHEREAS, The Indiana Academy of Science, a chartered scientific 
association, has embodied in its constitution a provision that it will, upon 
the request of the Governor, or of the several departments of the State 
government, through the Governor, and through its council as an advisory 
board, assist in the direction and execution of any investigation within its 
province, without pecuniary gain to the Academy, provided only that the 
necessary expenses of such investigation are borne by the State; and, 

WHEREAS, The reports of the meetings of said Academy, with the sey- 
eral papers read before it, have very great educational, industrial and eco- 
nomic value, and should be preserved in permanent form; and, 


Wuereas, The Constitution of the State makes it the duty of the 
General Assembly to encourage by all suitable means intellectual, scientific 
and agricultural improvement; therefore, 


SecTIon 1. Be it enacted by the General Assembly of the State of 
Indiana, That hereafter the annual reports of the meetings of the Indiana 
Academy of Science, beginning with the report for the year 1894, including 
all papers of scientific or economic value, presented at such meetings, after 
they shall have been edited and prepared for publication as hereinafter 
provided, shall be published by and under the direction of the Commis- 
sioners of Public Printing and Binding. 


Sec. 2. Said reports shall be edited and prepared for publication with- 
out expense to the State, by a corps of editors to be selected and appointed 
by the Indiana Academy of Science, who shall not, by reason of such sery- 
ice, have any claim against the State for compensation. The form, style 
of binding, paper, typography and manner and extent of illustration of 
such reports shall be determined by the editors, subject to the approval of 
the Commissioners of Public Printing and Stationery. Not less than 1,500 
nor more than 3,000 copies of each of said reports shall be published, the 
size of the edition within said limits to be determined by the concurrent 
action of the editors amd the Commissioners of Public Printing and Station- 
ery: Provded. That not to exceed six hundred dollars ($600) shall be 
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expended for such publication in any one year, and not to extend beyond 
1896: Provided, That no sums shall be deemed to be appropriated for the 
year 1894. 

Sec. 3. All except three hundred copies of each volume of said re- 
ports shall be placed in the custody of the State Librarian, who shall 
furnish one copy thereof to each public library in the State, one copy to 
each university, college cr normal school in the State, one copy to each 
high school in the State having a library, which shall make applicatiou 
therefor, and one copy to such other institutions, societies or persons as 
may be designated by the Academy through its editors or its council. The 
remaining three hundred copies shall be turned over to the Academy to be 
disposed cf as it may determine. In order to provide for the preservation 
of the same it shall be the duty of the Custodian of the State House to 
provide and place at the disposal of the Academy one of the unoccupied 
rooms of the State House, to be designated as the office of the Academy 
of Science, wherein said copies of said reports belonging to the Academy, 
together with the original manuscripts, drawings, etc., thereof can be safely 
kept, and he shall also equip the same with the necessary shelving and 
furniture. 

Sec. 4. An emergency is hereby declared to exist for the immediate 
taking effect of this act, and it shall therefore take effect and be in force 


from and after its passage. 


APPROPRIATION FOR 1912-1913. 


The appropriation for the publication of the proceedings of the Acad- 
emy during the years 1912 and 1913 was increased by the Legislature in 
the General Appropriation bill, approved March 9, 1909. That portion of 
the law fixing the amount of the appropriation for the Academy is here- 
with given in full: 

For the Academy of Science: For the printing of the proceedings of 
the Indiana Academy of Science, twelve hundred dollars: Provided, That 


any unexperded balance in 1911 shall be available in 1912. 
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AN ACT FOR THE PROTECTION OF BIRDS, THEIR NESTS AND 
EGGS. 


Sec. 602. Whoever kills, traps or has in his possession any wild bird, 
er whoever sells or offers the same for sale, or whoever destroys the nest 
or eggs of any wild bird, shall be deemed guilty of a misdemeanor and 
upon conviction thereof shall be fined not less than ten dollars nor more 
than twenty-five dollars: Provided, That the provisions of this section 
shall not apply to the following named game birds: The Anatidie, com- 
monly called swans, geese, brant, river and sea duck; the Rallidz, com- 
monly called rails, coots, mud-hens, gallinules; the Limicole, commonly 
called shore birds, surf birds, plover, snipe, woodcock, sandpipers, tattlers 
and curlew; the Galline, commonly called wild turkeys, grouse, prairie 
chickens, quails and pheasants; nor to English or Huropean house spar- 
rows, crows, hawks or other birds of prey. Nor shall this section apply to 
persons taking birds, their nests or eggs, for scientific purposes, under per- 
mit, as provided in the next section. 

Sec. €03. Permits may be granted by the Commissioner of Fisheries 
and Game to any properly accredited person, permitting the holder thereof 
to collect birds, their nests or eggs for strictly scientific purposes. In 
order to obtain such permit the applicant for the same must present to 
such Commissioner written testimonials from two well-known scientific men 
certifying te the good character and fitness of such applicant to be eli- 
trusted with such privilege, and pay to such Commissioner one dollar 
therefor and file with him a properly executed bond in the sum of two 
hundred dollars, payable to the State of Indiana, conditioned that he will 
obey the terms of such permit, and signed by at least two responsible citi- 
zens of the State as sureties. The bond may be forfeited, and the permit 
revoked upon proof to the satisfaction of such Commissioner that the 
holder of such permit has killed any bird or taken the nest or eggs of any 
bird for any other purpose than that named in this section. 
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CONSTITUTION. 


ARTICLE I. 


SecTION 1. This association shall be called the Indiana Academy of 
Science. 

Sec. 2. The objects of this Academy shall be scientific research and 
the diffusion of knowledge concerning the various departments of science; 
to promote intercourse between men engaged in scientific work, specially 
in Indiana; to assist by investigation and discussion in developing and 
making known the material, educational and other resources and riches 
of the State; to arrange and prepare for publication such reports of inves- 
tigation and discussions as may further the aims and objects of the Acad- 
emy as set forth in these articles. 

WuereEAs, The State has undertaken the publication of such proceed- 
ings, the Academy will, upon request of the Governor, or of one of the sev- 
eral departments of the State, through the Governor, act through its coun- 
cil as an advisory body in the direction and execution of any investigation 
within its province as stated. The necessary expenses incurred in the pros- 
ecution of such investigation are to be borne by the State; no pecuniary 
gain is to come to the Academy for its advice or direction of such inves- 
tigation. 

The regular proceedings of the Academy as published by the State 
shall become a public document. 


ARTICLE ITI. 


Section 1. Members of this Academy shall be honorary fellows, fel- 
lows, non-resident members or active members. 

Sec. 2. Any person engaged in any department'of scientific work, or 
in original research in any department of science, shall be eligible to active 
wembership. Active members may be annual or life members. Annual 
members may be elected at any meeting of the Academy; they shall sign 
the constitution, pay an admission fee of two dollars and thereafter an 
annual fee of one dollar. Any person who shall at one time contribute 
fifty dollars to the funds of this Academy may be elected a life member of 
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the Academy, free of assessment. Non-resident members may be elected 
from those who have been active members but who have removed from the 
State. In any case, a three-fourths vote of the members present shall elect 
to membership. Applications for membership in any of the foregoing 
Classes shall be referred to a committee on application for membership, 
who shall consider such application and report to the Academy before the 
election. 

Sec. 8. The members who are actively engaged in scientific work, who 
have recognized standing as scientific men, and who have been members 
of the Academy at least one year, may be recommended for nomination for 
election as fellows by three fellows or members personally acquainted with 
their work and character. Of members so nominated a number not exceed- 
ing five in one year may, on recommendation of the Executive Committee, 
be elected as feliows. At the meeting at which this is adopted, the mem- 
bers of the Executive Committee for 1894 and fifteen others shall be elected 
fellows, and those now honorary members shall become honorary fellows. 
Honorary feliows may be elected on account of special prominence in 
science, on the written recommendation of two members of the Academy. 
In any case a three-fourths vote of the members present shall elect. 


ARTICLE III. 


Secrion 1. The officers of this Academy shall be chosen by ballot at 
the annual meeting, and shall hold office one year. They shall consist of a 
President, Vice-President, Secretary, Assistant Secretary, Press Secretary 
and Treasurer, who shall perform the duties usually pertaining to their 
respective offices and in addition, with the ex-presidents of the Academy, 
shall constitute an Executive Committee. The President shall, at each an- 
nual meeting, appoint two members to be a committee, which shall prepare 
the programs and have charge of the arrangements for all meetings for 
one year. 

Sec. 2. The antiual meeting of this Academy shall be held in the city 
of Indianapolis within the week following Christmas of each year, unless 
otherwise ordered by the Executive Committee. There shall also be a sum- 
mer meeting at such time and place as may be decided upon by the Ex- 
ecutive Committee. Other meetings may be’ called at the discretion of the 
Executive Committee. The past Presidents, together with the officers and 
Executive Committee, shall constitute the council of the Academy, and 
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represent it in the transaction of any necessary business not especially pro- 
vided for in this constitution, in the interim between general meetings. 

Sec. 3. This constitution may be altered or amended at any annual 
meeting by a three-fourths majority of the attending members of at least 
one year’s standing. No question of amendment shall be decided on the 
day of its presentation. 


BY-LAWS. 


« 


1. On motion, any special department of science shall be assigned to 
a curator, whose duty it shall be, with the assistance of the other members 
interested in the same department, to endeavor to advance knowledge in 
that particular department. Each curator shall report at such time and 
place as the Academy shall direct. These reports shall include a brief sum- 
mary of the progress of the department during the year preceding the 
presentation of the report. 

2. The President shall deliver a public address on the morning of one 
of the days of the meeting at the expiration of his term of office. 

3. The Press Secretary shall attend to the securing of proper news- 
paper reports of the meetings and assist the Secretary. 

4. No special meeting of the Academy shall be held without a notice 
of the same having been sent to the address of each member at least fifteen 
days before such meeting. 

5. No bill against the Academy shall be paid without an order signed 
by the President and countersigned by the Secretary. 

6. Members who shall allow their dues to remain unpaid for two 
years, having been annually notified of their arrearage by the Treasurer, 
shall have their names stricken from the roll. 

7. Ten members shall constitute a quorum for the transaction of 
business. 


[2—29034] 
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MEMBERS. 
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Fargo, N. D. 
Orono, Me. 
Bloomington. | 
Lafayette. 
Indianapolis. 


West Lafayette. 
Indianapolis. 
Crawfordsville. 
West Lafayette. 
Indianapolis. 
Lafayette. 
Indianapolis. 
Bloomington. 
Newark, Del. 
Chicago, Il. 
Lafayette. 
Terre Haute. 
Hanover. 
Bloomington. 
Bloomington. 
Indianapolis. 
Richmond. 
Terre Haute. 
Bloomington. 
West Lafayette. 
Bloomington. 
Lafayette. 


+W. F. M. Goss 
A.S. Hathaway 
W. K. Hatt 


7H. A. Huston 
Edwin 8S. Johnnott 
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tJ. A. Miller 
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Richard B. Moore 
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J. P. Naylor 
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Rolla R. Ramsey. 
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NON-RESIDENT MEMBERS. 
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Washington, D. C. 
Stanford University, Cal. 
Grand Forks, N. D. 
Stanford University, Cal, 
Fairport, Iowa. 

Urbana, Ill. 

Worcester, Mass. 
Washington, D. C. 

Los Angeles, Cal. 
Pittsburg, Pa. 

Stanford University, Cal. 
Columbia, Mo. 

Syracuse, N. Y. 
Washington, D. C. 
Stockton, Cal. 

Stanford University, Cal. 
Urbana, Ill. 

Stanford University, Cal. 
Medford, Mass. 

Tucson, Arizona. 

Valley City, N. D. 
Worcester, Mass. 
Stanford University, Cal. 
Nashville, Tenn. 
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Stanford University, Cal. 
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San Francisco, Cal. 


Indianapolis. 


Indianapolis. 
Ann Arbor, Mich. 
Indianapolis. 
West Lafayette. 
Indianapolis. 
Moores Hill. 
Valparaiso. 
West Lafayette. 
Indianapolis. 
Bloomington. 
Indianapolis. 
Greencastle. 
Richmond. 
Edinburg. 
Lebanon. 
Daleville. 
Indianapolis. 
Terre Haute. 
Indianapolis. 
Indianapolis. 
Indianapolis. 
Detroit, Mich. 
West Lafayette. 
Crawfordsville. 
Bicknell. 
Kokomo. 
Cincinnati, Ohio. 
Connersville. 
Portland. 
Chicago, Ill. 
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Silverwood, R. D. No. 1. 


Petersburg. 
Columbus. 
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Terre Haute. 
Bloomington. 
Morristown. 
Rochester. 
Bloomington. 
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Bloomington. 
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Springfield, Mo. 
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Madison, Ind, 
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(CAS VANS ira ia age a Ee re at West Lafayette. 

Aeneas MOUNT. ec hs fete weo os eee Stee owes Huntington. 

Per cei es SR oie ce ik Be olga ks are Washington, D.C. 

MERA NOOURE 2. ie eo Rees aac 32 sans dna eeek OME Terre Haute. 

cea CO? se ORE Brie: Feo vce re Aeros West Lafayette. 

Gharles Leleny seeks See noae re Otees Paar ams Pees Urbana, Ill. 
Mello ws sacs Oe ee ose ee MRO Rae Te te eee ace eee Oh. eee 66 
MembpresAeCuives itu. .otes ce tareekctids Fateveeeed meee oo eran 210 
Members, non-resideiit:.).. 42.36 oseaeers bax shiteess oes ceeeee 29 
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MINUTES OF SPRING MEETING. 


TERRE HAUTH, INDIANA. 
May Wa, 12 ann: 13; 19d: 


Members of the Academy were called to order by President Dryer in 
the library of the State Normal at § p. m. Thursday, May 11th. 

The plans of the meeting as arranged by the Local Committee were 
outlined by the President. 

The regular program for the evening was as follows: 

Illustrated lecture—‘‘The Mussel Industry of the Wabash River,” by 
Prof. U. O. Cox, Indiana State Normal. 

Illustrated lecture, “The Autochrome Process in Color Photography,” 
by Prof. J. B. Peddle, Rose Polytechnic Institute. 

About seventy-five members and visitors were present. 

On Friday, at 9:30 a. m., a boat excursion was taken up the Wabash 
River. The party was landed some distance above Fort Harrison for an 
hour’s tramp ashore. The party then returned to the Fort Harrison 
grounds for luncheon, which had been provided by the Local Committee. 
After luncheon an inspection of the historic grounds was made. Dr. Sco- 
vell gave a brief history of the Fort, supplemented by some interesting 
remarks by Mr. Emil Ehrman, present proprietor of the grounds. Mr. 
Hhrman distributed souvenirs in the form of small pieces of wood from 
a log from the original fort. The following new members were elected 
to the Academy during a brief business meeting: 

Milton B. Nugent, Elnora, Ind. 
Geo. Cutter, South Bend, Ind. 
Edward Barrett, Indianapolis. 

Resolution of thanks were voted Mr. Emil Ehrman for his splendid 
hospitalities. Similar resolutions were voted the Local Committee for the 
splendid prograin they were providing the members of the Academy. The 
excursionists landed at Terre Haute at 5:00 p. m. 

At 8:00 p. m. a public address was given by Professor Wm. H. Hobbs, 
University of Michigan, under the auspices of the Academy. 
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May 13, Saturday, was spent by some of the visiting members in a 


drive along Sugar Creek. 


The following were members of the excursion party : 


D. M. Mottier. 
Robert Hessler. 
T. H. Grosjean. 
L. B. Webster. 

J. J. Galloway. 
John B. Peddle. 
W. S. Blatchley. 
A. H. Caffee. 
Donaldson Bodine. 
R. G. Gillum. 

W. H. Kessel. 

KB. M. Bruce. 

Un O3Cox. 

James H. Baxter. 
W. C. Ball. 

O. J. James. 
George Cutter. 
Fred Donaghy. 

M. K. Davis. 
George W. Benton. 
Mrs. George W. Benton. 


W. A. McBeth. 
Charles R. Stoltz. 
Dr. Charles Stoltz. 
L. J. Rettger. 
O. L. Kelso. 
3. V. Caffee. 
J. W. Beede. 
JES LOuUNe: 
W. A. Cogshall. 
H. J. Banker. 
C. H. Bean. 
BE. 8S. Johonnott. 
F. R. Higgins. 
C. W. Shannon. 
R. R. Hyde. 
J EK. Ewers. 
C. R. Dryer. 
William H. Hobbs. 
BH. Barrett. 
Mrs. George Cutter. 
J. T. Scovell. 
W. J. MoENKHAUS, 
Secretary Pro Tem. 
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MINUTES OF THE TWENTY-SEVENTH 
ANNUAL MEETING 


EN DIANA AGADEMY OF SCIENCE 


CLAYPOOL HOTEL, INDIANAPOLIS, INDIANA. 


NOVEMBER 30, 1911. 


The Executive Committee of the Indiana Academy of Science held its 
regular annual meeting at 8:00 p. m. The following members were pres- 
ent: Chas. R. Dryer, President; A. J. Bigney, W. J. Moenkhaus, D. M. 
Mottier, W. S. Blatchley, Judge R. W. McBride, W. A. Cogshall, J. S. 
Wright, D. Bodine, R. Hessler, C. H. Higenmann. The minutes of the 
Executive Committee of last year were read and approved. The Treasurer 
made the following report: 


TTREASURER’S Report, 1911. 


Balance cash on hand November 25, 1910................ $323 64 
Tes COMecteds MOM ee cvs cece Sole 6 ceets heen coe ote slammer 163 00 
PING beads ects p cpcks tonstohsGone toa: ona Voreyaucust ares lousieoe sac ouseisloy ore Gino: reo. eis $486 64 
Expenditures during years as per vouchers............... 222 94 
Balance cash on hand November 30, 1911............. $263 70 

W. J. MoENKHAUS, 
Treasurer. 


Audited and approved. 
C. H. EIGENMANN, 
L. J. RErTGER. 


The Program Committee reported that its work had been performed 
as represented on the printed program. 

The State Library Committee reported that the State Librarian had 
been taking care of all the exchanges in the most careful way, that he 
had bound 237 volumes and had 300 more ready for binding, and that he 
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had published a list of the exchanges, which can be secured on appli- 
cation. The committee on the relations of the Academy to the State were 
instructed to keep in close touch with the plans for erecting a memorial 
buiiding, so that if there were rooms available they might be secured for 
the Indiana Academy of Science. Mr. A. W. Butler was added to this 
committee. The committee on the distribution of the proceedings for 
1910 reported that their work had been performed. Nine hundred vol- 
umes had been printed, 300 of which were retained in the State library 
for distribution to libraries and learned societies, the remainder distrib- 
uted to members as exchanges. 


The following persons were recommended as Fellows in the Academy : 
Will Scott, Augustus G. Pohlman, J. M. Van Hook, F. M. Andrews. 


The following standing committees were appointed by the President: 

Program.—J. W. Beede, R. Hessler, D. Bodine. 

Membership.—D. Bodine, J. S. Wright, E. R. Cumings. 

Nominaticns.—A. L. Foley, U. O. Cox, R. W. McBride. 

Auditing.—C. H. Eigenmann, L. J. Rettger, F. J. Breeze. 

State Library.—H. E. Barnard, W. S. Blatchley, A. W. Butler. 

Restriction of Weeds and Diseases.—R. Hessler, J. N. Hurty, A. W. 
Butler, Stanley Coulter, D. M. Mottier. 


Directors of Biological Survey.—Stanley Coulter, J. M. Van Hook, C. 
H. Higenmann, J. C. Arthur, U. O. Cox. 

Relations of the Academy to the State—M. B. Thomas, R. W. Mc- 
Bride, G Culbertson, C. C. Deam, A. W. Butler. 

Distribution of Proceedings.—J. S. Wright, H. L. Bruner, G. W. Ben- 
ton, A. J. Bignev. 

Publication of Proceedings.—L. J. Rettger, Editor; P. N. Evans, D. 
M. Mottier. 


After discussing the general interest of the Academy the committee 
adjourned. 
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MINUTES OF THE TWENTY-SEVENTH 
ANNUAL MEETING 


INDIANA ACADEMY OF SCIENCE 


THE GERMAN HOUSE, DECEMBER 1, 1911. 
* 


The Indiana Academy of Science met in general session at 9:30 a. m. 
with President Chas. R. Dryer in the chair. The minutes of the Executive 
Committee were approved. 


The Editor of the Proceedings, L. J. Rettger, reported that many 
difficulties confronted him in his work as editor, and he urged those mak- 
ing coutributions that great care should be taken in presenting their 
papers in the best possible form and that no changes should be made in 
the proof if they possibly could be avoided. On motion of Dr. Rettger, it 
wus decided that the other members of the committee should meet with 
the editor at least twice, and that their expenses should be paid by the 
Academy. 


The Program Committee introduced the following resolutions: (1) 
That the Program Committee shall have the greatest possible liberty in 
choosing what papers sent in shall be read in the Academy and what 
shall be read by title only, and they shall choose the place of meeting. 
(2) That the Academy vote on the question whether or not they desire 
the program to continue through Saturday morning. The first part was 
adopted. In the second part, it was voted to have no Saturday session. 


The following persons were elected to membership: F. J. Pipal, West 
Lafayette; James E. Ewers, Terre Haute; E. K. Chapman, Crawfordsville ; 
BE. J. Petry, West Lafayette; C. O. Cromer, West Lafayette; C. A. Deppe, 
Franklin; Melvin K. Haggerty, Bloomington; Harold Blair, Indianapolis ; 
Clinton A. Ludwig, West Lafayette; Geo. L. Hoffman, West Lafayette; F. 
M. Andrews, Bloomington; E. B. Williamson, Bluffton; B. D. Myers, 
Bloomington; P. D. Jenks, Indianapolis; Clem O. Thompson, Terre Haute; 
C. E. Owens, Bloomington; H. lL. Barr, Ann Arbor, Michigan. 


After these business items the Academy took up the program as printed. 
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In the afternoon session the following items of business were consid- 
ered: 

The Auditing Committee reported account of the Treasurer correct. 

The Committee on Nominations reported as follows: For President, 
Joseph P. Naylor, Greencastle; Vice-President, Donaldson Bodine, Craw- 
fordsville; Secretary, Andrew J. Bigney; Assistant-Secretary, E. A. Will- 
iamson, Bluffton; Press Secretary, Milo H. Stuart, Indianapolis; Treas- 
urer, W. J. Moenkhaus; Editor, L. J. Rettger, Terre Haute. 

The printed program was carried out, 


Adjournment. 


$3 


PROGRAM OF THE 
TWENTY-SEVENTH ANNUAL MEETING 


INDIANA ACADEMY OF SCIENCE 


GERMAN HOUSE, INDIANAPOLIS, INDIANA. 


NOVEMBER 30, DECEMBER 1, 2, 1911. 


CHARLES ReEDWAY Dryer, President. DD. W. DENNIS, Vice-President. 


A. J. BigNry, Secretary. W. J. MoENKHAUS, Treasurer 


~ 


THURSDAY, NOVEMBER 30, 7:30 P. M. 


Meeting of the Executive Committee, Claypool Hotel. 


FRIDAY, DECEMBER 1, 9:30 A. M. 


Business 
IMESMIMEALONTOL INECHIEUSS LOSMiacs cs cee sien c secuisies cae nse ca6 H. L. Bruner 
Chemical Notes*ont Ventilation, 10 m..-....0..sececces oncns P. N. Evans 


Scientific Results of the Indiana University Expedition 


LORS Hts GaTamMar, dey teem cin istees. ctere @ el erete sista ere C. H. Higenmanth 
The String Galvanometer in Physiological Research, 10 m....L. J. Rettger 
AMmIntiaAnaishell Mound: dO ime a. cscs ccteae eee ea secs «s W.S. Blatchley 
MENLEEM Ale MIM PRESS LOM: ZONING ycrsarei oncesravel cree lle Sivatelalasie bie ales eis A. G. Pohlman 


Through the Yukon and Alaska Gold Fields, 20 m. (Lantern)..R. E. Lyons 
Mountain Climbing in the Far Northwest.............. Pres. W. HE. Stone 


FRIDAY, DECEMBER 1, 1:30 P. Mo. 

Business 
President’s Address—The North America of Today and 

Tomorrow, and Indiana’s Place in It.......... Charles R. Dryer 
Purposes, Methods and Progress of the Indiana Soil 

SIMEVCY gy 2 OMIM Airy. cs Ae h rats aye. nore State Geologist Hdw. Barrett 
The Water Powers of Indiana, 15 m.................. William M. Tucker 
Economic and Social Expressions of Physical Geography 

rey LEVON aI, LSS 00 sey Baas Git Oo cee ENT ERR a caer Harry M. Clem 


[3—29034} 
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3:30 p. m. Sectional Meetings 

GEOLOGY AND GEOGRAPHY SECTION. 
Terraces along the Whitewater River, near Richmond, 20 m. . Alken D. Hole 
Conservation of the Soil in Dearborn County, 10 m........-- A. J. Bigney 

Remarks on the Nature and Origin of the Stream 
Terraces tof Southern Indiana, 20) nie ..c sc. .% ts oa J. W. Beede 

The Geological Conditions of Municipal Water Supply 
in Driftless Areas of Southern Indiana, 30 m...... E. R. Cumings 

Some Physiographic Features in the Great Fault, near 


the Mouth of the [Illinois River (by title).......... J. G. Hutton 
Some Neglected Principles of Physiography (by title)........4 A. H. Purdue 
The Function of Hydrostatic Pressure in Glacial 

MOVEMentrand SHEOSION; 15 2c... on cristae es 2 slots J. E. Ewers 
Sandalunessine indiana (lantern), LOM ccc to. 6 cists isiayo +» eos Cc. W. Shannon 
Some Results of the Work of Glaciers in Indiana, 10 

Ts LAT GETIN oe ce ree ce ee ini etal efoto aso a love eneyavaliet eine wiete.e © a) C. W. Shannon 
Physiography of the Guadalupe Mountains, 20 m............ J. W. Beede 
The Georgraphic Contrasts of Brown and Johnson 

WOUNMMGS MOM eee ogy eterno tok teehee are apes fe min Frederick J. Breeze 
[Slands<in, Lie Orden WLtht, WOM oe nis. Sigete ce) oes etd cke cue ois cial M. K. Davis 
A Note on the Bastostomas of the Richmond Series of 

Emianas Sy Mn eects cies  oeerewe 2 ers KE. R. Cumings, J. J. Galloway 


A Note on the Occurrence of Hand Specimens of 

Jointed Structure in the New Albany Black 

SIVANGS Rey UE he Yorstts She neues at slarlaae es vic egos tea cegen oieas Glenn Culbertson 
Observations Having for Their Object the Determi- 

nation of the 'Time Required for the Erosion 

of Clifty and Butler Valleys in Jefferson 

County, Ind., Report of Progress, G m 


BOTANY SECTION. 


iImprovenent, of Medicinal “Plants? Wo Wis. ccc <-- 6 « oaicti Fred A. Miller 


Notes on Some New and Notable Members of the 


ineiana seloOral OV es oo tee ones cokes on. aise ee ae BE. J. Grimes 
The Blooming of Ceris Canadensis in October, 2 m......... D. M. Mottier 
Some VV ALLAtIONS In] ElaAMtS 5! Mice coc ccc oe cele cleo 6s crore sche F. M. Andrews 


The Conjugation of Two Different Species of Spiro- 


3d 


Meron Eee) ONY Te My Lee) eM weysloneyous ous ucheboie hav” obtte elas. occ clevolisle os /elelts J. M. Van Hook 
A Monograph of the Common Indiana Species of 


Eby POXy ON, im Mls ee ks eel reese laaeean cidoha states cian octets C. E. Owens 
The Black Rot, Sphaeropsis Malorum Pk., 10 m.............. L. R. Hesler 
Mew OOE COL Of GInSen cape Ole A. axl <1 Aevelctaiel «ts fevadcbetefoe olelcrolelerehe G. A. Osher 
Distribution of Trees among Spermatophytes, 10 m............. KX. J. Pipal 


Vreyalence and Prevention of Stinking Smut in Indiana, 10 m..C. R. Orton 
The Unattached Aecial Forms of Plant Rusts in North 


PATO TEL Gel BIOMTIME GER afc Pont ov caet co. s0an'e.cils, sre’ eis\inesle oebd alee alae dicd A. G. Johnson 
On Plants New or Little Known in Indiana, 8 m............../ A. J. Bigney 
Report of Work on Corn Pollination, IT], 5 m............... M. L. Fisher 
imhertiance of Color iniCGormeSilk,, LOMMEAS <alin <dile otola niches wre C. O. Cromer 
Rate of Tree Growth in Southern Indiana, 10 m..........Stanley Coulter 
Creare ustene lng lamas pall Orlsr eee tee ys rciieceletel stokes) staf outa lsyo, ofa arance F. D. Kern 
SMI P A ORM ae le eV LG SAINI apa cabuorehevaaleterchers sieveysietm sheveie>ays Raymond Bellamy 


Oxperimental Work of the Indiana State Board of 
ORES revere l Olay cwers ioc voxel ketone sone ustonevewereushehe Stats iowa etete Stanley Coulter 


CHEMISTRY, PHYSICS, MATHEMATIC SECTION. 

Fiffects of Certain Dissolved Salts upon the Cohesion 

fey tern OeIneyreeenre us eae cpr cua enters, te en ts Edwin Morrison 
Summary of a Series of Thermal Value and Ash Tests of 

an Indiana Slack and Nut Coal, 3 m..F. C. Mathers and I. E. Lee 
Effect of Storage on the Composition of Carburretted 

SWWaibens Gasireuthh cose nee a eee ee sie ee F. C. Mathers and I. E. Lee 
A Scheme for the Qualitative Separation and Detec- 

tion of Potassium and Sodium, 5 m....F. C. Mathers ard I. E. Lee 
The Effect of Ammonium Chloride in the Precipitation ° 


OMB AIMS SULA Tes tell cent. ete cka dese eitua alsuete ausastom eee R. E. Lyons 
A Modified Method for Determining Lead Peroxide in 

NCOMIDCAG ER ONIMNr. cttel oh cate cei cia eseele cette A. R. Nees and O. W. Brown 
Hlectrolytic Recovery of Silver from Silver Chloride 

dvesiduies, 2) mas 8's. 5 5. teahhss Ste Oe ae F. C. Mathers — 
Analyses and Fertilizer Value of Certain Weeds 

Growing in Indiana, 3 m........ KB. C. Mathers and Gail M. Stapp 
Ne WaGASsGener Aton a QeIMlcr. eee af essaite cesic «| says creodkayIMond Bellamy 
The Nascent State (abstract), 10 m...... J. H. Ransom and R. A. Stevens 


The Use of Hydrogen Peroxide in Hyperchlorhydria, 
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Nutrients: invGreen: Shoots of, Rreess Ot 2 occ cre sseoete 2) ctate wens EK. J. Petry 
Concerning Spherie Geomeirys0 masse eee ees cee ee D. A. Rothrock 
On the Solution of Differential Equations by Cauchy’s 

Parameter Method, dOwunas 2 -neee eee made eae ars T. E. Mason 
On the Representation of a Number as the Sum of 

Consecutive, Intesers,: 10m eee ae eee es ate T. E. Mason 
On Multiply Perfect Numbers, with a Table of 170 

New Ones together with the 47 previously 


poblished: 10;nic a. eee R. D. Carmichael and T. E. Mason 
Theorem on Addition Formulage, 10m... 2s. en sees Leslie MeDill 
A Simple Method of Measuring Surface Tension, 5 m...... Arthur L. Foley 
Electromagnetic Induction in German Silver and 

Bismuth, 10; mi: 2 2 /ast eee ales Pero: 20. Beet Arthur L. Foley 
A New Method of Photographing Sound Waves, 

LOM fee occ. s ee os ss Arthur L.. Foley: and iWilmer Hensoatter 
tecalescence in Magnetic Alloys, 10 m.................- John B. Dutcher 
DiffractioniPhotosraphsyy 5) Mc. 2c. cele ese ake Sino pate Mason E. Hufford 
Effect of Pressure on a Cadmium Cell, 10 m............. Rolla R. Ramsey 
The Cause of Polarization in a Cadmium Cell, 10 m...... Rolla R. Ramsey 


FRIpaAY, 8:15 vp. M. 


The: Story Of NiAGaATs. 2 «ce cree cer ac ocd oevens aktank Bursleyeaion 


SATURDAY, 9:00 A. M. 


Vhe Regenerated Scale of Fundulus heteroclitus with 

preliminary note on its formation, 5 mM................ Will Scott 
GOMIOSIN FO eI eterna ie eis crate ea eae cies oye tics o resuerere Ra ereen. ce Robert Hessler 
The Effects of Deforestation on the Water Level of 


Montzomery Gounty, OMe occ nc waste cre retete c/o oe eters H. Lb. Barr 
Methods of Studying Animal Vision, 80 m. (lantern)....... M. E. Haggerty 
The Glimate of Indiana! 10 mis Sse ees ee cee te aetaeer tase eces W. A. McBeth 
The, Lessening of Worest Waste, 200m: -. acces ec ee tess orien es S. J. Record 
Our Diminishing Wood Industries, 10 m.................. Stanley Coulter 
SomewArcheological Specimens, O Mls... a 2 os cite eee - elaateis A. J. Bigney 
The Archeology of indiana and Ohio, 10 m (lantern)....... F. W. Gottlieb 


Ethnological Researches in the North Land, 15 m. 
(TAMECYE Sie foe cc oye ctate e erei eese lee Oe rete ie hee eae eater F. W. Gottlieb 


PRESIDENT ’S ADDRESS. 
By CHARLES REDWAY DRYER. 


THE NORTH AMERICA OF TODAY AND TOMORROW AND IN- 
DIANA’S PLACH IN IT. 


Among the twenty-six presidents who have served the Indiana Academy 
of Science since its organization, I have the honor to stand today as the 
first representative of geography. One out of twenty-six is hardly as 
many as the intrinsic importance of the science might justify, but it is 
as many as the standing of the subject among scientific men in Indiana 
calls for. However that may be, this is geography day in our Academy, 
and I feel like opening it with an invocation to Urania, the muse repre- 
sented by that noble figure in the gallery of the Vatican, standing alert 
and at ease, with a globe in her left hand, a stylus in her right, and on 
her face an expression of dignity, interest and invitation worthy of 4 
schoolma’am about to demonstrate the change of seasons. In view of 
the infrequency with which geographical topics are discussed before gen- 
eral scientific audiences, and in view of the vestigial and appendicular 
character of the position which geography generally holds in colleges and 
universities (where it has any position at all), it would not be out of 
place to enter upon an exposition of the nature, scope, and content of 
geography, and its logical place among the sciences. I will content myself. 
however, with saying that the grandmother of the scientific family, al- 
though often assigned the role of Cinderella, is alive, active and fairly 
keeping pace with the growth of her numerous progeny. Her greatest 
problems are no longer those of research, but rather those of the organi- 
zation of the wealth of facts which her children, to the third and fourth 
generation, are continually pouring into her house. Geography is still a 
description of the earth; and how much that means now as compared 
with 400 or 100 years ago! Geography is still the science of distributions: 
and how the things distributed over the face of the earth do multiply! 
Geography is still the study of the earth as the home of man, and physi- 
ology, medicine, engineering, agriculture, economics and sociology vie with 
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one another in finding means to make that home more habitable, luxurious 
and utopian. Geography studies the relationships between the earth and 
its inhabitants, involved in the influences of natural environment and the 
reactions of plants, animals and men. Under the quickening power of 
the doctrine of evolution, biology has gone to studying “the reciprocal re- 
lations of organisms and the external world,’ and geography has been 
compelled to become a nniversal ecology. The very latest and happiest 
statement I have seen is that of Prof. Herbertson, that “geography is fast 
becoming the scientific study of environments.” <A distinguished geographer 
who is also a member of Parliament goes farther and defines geography to 
be not a science, but a state of mind, a way of looking at things in proper 
perspective, in relation to the world organism of which they form a part. 

And so I have undertaken by way of both exposition and apology to 
present to the Academy a concrete example of the method and the re- 
sults of contemporary geographic science, as applied to those regions with 
which the people of Indiana are most intimately concerned. Geography 
claims the right of scientific prevision, and therefore my topic is The 
North America of Today and Tomorrow, and Indiana’s Place in It. 

My theme might be very fully presented by a series of maps, almost 
unlimited in number, but arranged in a few groups. ‘The first may be 
ealled the pedographiec (Greek pedon, the ground) group, which would 
display the features of the ground, or substratum upon which plants grow. 
animals live, and men find their homes and do their work. It would in- 
clude graphic expressions of the height, depth, outline, relief and struc- 
ture of the earth crust. A second group would be hydrographic and dis- 
play the features of the sea of water which acts not only upon the surface 
of the continent, but stretches through its substance from ocean to ocean. 
A third group would be climatic, and deal with the dynamic, thermal and 
hyetal conditions of the atmosphere. A fourth group would be biographic, 
(in a special sense) showing the distribution of plant and animal life. A 
hfth group would be economic and would reveal the secrets of household 
management, by which the human family makes a living, high or low, on 
this continent. A sixth group would be demographic, showing the distri- 
bution of people of all races, colors, languages, clothes, “diseases, accom- 
plishments and sins,’ and would grade into a final sociologic group dealing 
with politics, education, art and religion. Of this possible gallery of maps 
1 can display but half a dozen and make them exhibit details, for verbal 
mention of which time is lacking. The key to my thesis is map No. 4, 
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which divides North America into natural provinces, in each of which the 
conditions of environment are broadly uniform. What these conditions 
ure, may be seen by a comparison of No. 4 with Nos. 1, 2 and 3. 

North America in its world relations stands among the continents 
third in area and fourth in population. It is built on the triangular plan, 
presenting to the Pacific a high and forbidding back, but facing the At- 
lantic with a low and inviting coast. The body of it is made up of the 
Jargest continuous plain in the world, one-third of the continent being 
less than 660 feet above the sea. Its shores are washed by all the oceans 
of the northern hemisphere, and it is crossed by all belts of climate (Fig. 
2). It contains an assemblage of land forms which include all varieties 
of structure, relief and mineral products. It would be difficult to name 4 
plant or animal which could not find a congenial home in some part of it. 
More than half of it lies in those middle latitudes which are most favorable 
for a high degree of civilization. Its position, extent, character and com 
plexity render it one of the most valuable assets of the human race on this 
planet. It constitutes by itself a world in which nothing essential for 
human welfare is lacking. 

In the scientific study of environments extremes are the simplest. 
In provinces controlled by oue dominant facter, such as the ocean, heat, 
cold, aridity or vertical elevation, the outlines of the pictures are clear 
and bold. Envircnmental influence and organic reaction, “the reciprocal re- 
jations of organisms and the external world,’ are apparent at a glance 
and leave little that is elusive or conjectural. 

Greenland, the largest of islands, a broken block plateau capped with 
ice, is an absolute desert except around the margins, where a fringe of 
barren rock affords a perching place for sea fowls and Eskimos. Around 
its shores the lithosphere covers the hydrosphere in the form of a shifting 
crust of pack ice, where the seal, walrus, polar bear, and man live as 
ice-riding animals. The basis of subsistence is found in the water, which 
teems with life from microscopic infusoria to whales. Upon these birds and 
beast subsist, and man upon all of them. Metals are absent and vegetable 
material is negligible. The kayak, the harpoon pointed with a walrus 
tusk and tied with a rawhide-line to a bladder float, sealskin clothing, 
tents and boats, bone sledges, the snow igloo built in an hour and frost 
and bear proof, the artic dog sleeping in all weathers with only his tail 
for a cover, blubber food and fuel, and the skill which men have acquired 
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in making use-of these simple elements to maintain an endurable and 
cheerful life, form for the geographer one of the most interesting and 
satisfactory demonstrations in ecology. The Eskimos live upon the edge 
of things. where the struggle for existence is so nicely balanced that it 
is easily upset. The interference of the white man and the introduction 
of the utensils and habits of civilization, instead of improving their con- 
dition, is likely to lead to their ultimate extinction. The destruction of 
the seal and the introduction of coal stoves, baths and bacteria are sufli- 
cient to bring irretrievable disaster. 

In the “barren grounds” of the arctic tundra the basis of subsistence 
shifts from sea to land, and the presence of lichens, grass, shrubs, the 
earibou and the muskox, brings new elements without materially compli- 
cating the problem. On the whole the barren land breeds a race of men 
inferior to those of the ice-covered sea. 

In the great Canadian coniferous forest, the caribou plays the leading 
part, furnishing food, clothing, shelter and utensils, much as the seal does 
on the ice cap. Native human life is hardly less simple and severe than 
in the barren grounds. In the forest the snow shoe and the birch bark 
canoe have evolved as monuments of human skill, comparable to nature’s 
handiwork in the double overcoat of the muskox and the concave spread- 
ing hoofs of the caribou. Europeans began 250 years ago to reap the 
harvest of furs. Trading posts and transportation lines were established 
all over the province, and every square mile of it has been the scene of 
the labors of the lonely trapper, greatly to the pecuniary advantage of the 
Hiudson Bay Company, and to the luxury of European society, but with 
little gain in goods or morals to the Indian and the half-breed. The re- 
sources of the province in peltry have been so successfully conserved that 
the supply, except in the case of some species, such as the beaver, is 
searcely diminished. The fur trade has bred men of iron who have spent 
their strength in getting more furs. An occasional exception, like Lord 
Strathcona, helps to ennoble the inglorious herd. 

The lumberman has cut into the southern fringe of the forest and 
may be expected to extend his operations as fast as the demand for timber 
justifies the construction of new railroads. At a few points the lure of 
gold has Jed to the irruption of civilization in isolated chunks. The 
phenomenon of a city like Dawson or Fairbanks, with local railroads, 
electric lights, telegraphs, newspapers, police and dog sledge mail service, 
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has appeared almost in a day. Such communities are wholly artificial and 
precarious, but will probably be repeated many times as the assuredly 
great mineral wealth of the Laurentian peneplain and the Yukon plateau 
is prospected and exploited. 

The Canadian province will always be a game country, and as it be- 
comes more accessible, its thousands of lakes, streams and wooded islands 
will acquire new value as ideal play and recreation grounds, where the 
weary denizens of crowded marts will find a paradise for camping, boat- 
ing, hunting and fishing, and will revert temporarily to the primitive and 
simple life. 

On the ice cap, in the tundra and in the forest collective economy pre- 
vails to the exclusion of all others. Men produce nothing but live by 
plundering nature of plant, animal or mineral wealth. Yet these resources 
are subject to some degree of scientific conservation. 

We have heard much of the coal, copper, gold and tin of the Alaskan 
coast province, and they are probably worth looking into. We have also 
heard marvelous stories of Alaskan agriculture, of the ripening of wheat at 
Circle City, and of potatoes and other hardy vegetables grown in ap- 
parently impossible places. Summer days are long on the Arctic circle, 
but that the province will never do more than furnish a limited and local 
supply of agricultural products, and have anything to export except tim- 
Ler, minerals, fish and mosquitoes, are among the certainties of geography. 
Tt possesses one literally invalnable asset which can never be exploited, 
syndicated, monopolized or in anyway diminished, and that is scenery. 
The combination of sea, mountain, fiord, forest, and glacier is unrivalled 
in the world. “If you are old,” says Mr. Gammett, “go to Alaska; if you 
are young, postpone your visit, for after Alaska all other scenery is tame.” 

If onr study of environments proceeds from the simple to the com- 
plex, the Arizonan, the “dry belt” province, stands next. ‘Lhe rainfall 
ranging from two inches to fifteen is so irregular in successive years and 
the evaporation so enormous that Arizona, Utah, Nevada, Sonora and 
southern and lower California constitute a desert area, saved from ex- 
treme Saharan cenditions by the fact that there are two less dry seasons 
each year. The peculiar forms of desert relief and xerophilous flora were 
shown to the Academy by Dr. McDougal a year ago. Animal forms, being 
less plastic, are less peculiar and bizarre, but exhibit corresponding adap- 
tation of habit. Among the extreme products of desert environment are 
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the Grand Cafion of the Colorado, the barrel cactus, animals that never 
taste water and do not know how to drink, men who can run 800 miles 
in five days, and the peaceful Pueblos, where men without guile, vice or 
crime, plead with the Great Father at Washington to be let alone, and to 
have the Yankee school teachers removed. 

The desert is crossed by rivers fed by mountain snows, and supplying 
water enough to irrigate some portion of the area less than two per cent. 
Agricultural islands are springing up in the desert sea where seven crops a 
year are harvested, each acre supports one person, and wealth is assessed 
not so much by acres of land as by acre-feet of water. The lower Coloradc 
valley will become a little Egypt without the pyramids. Mining camps 
will spring up and maintain their high pressure, uncertain existence, fed 
by automobiles instead of camel caravans. They will live their day and 
disappear, and the desert will remain the desert, with all its highest values 
untouched, its healthful climate, its inspiring scenery, and the lessons 
which the geographer, geologist, biologist, and artist may learn there. 

The Mexican plateau, a bit of the tropics lifted into a temperate and 
semi-arid atmosphere, is the euvironment in which the American Indian, 
on a maize basis, without iron or domestic animals, attained his highest 
indigenous civilization. Perhaps for that reason the hand of the Spaniard 
was net wholly destructive, and a blending of European and American 
civilizations occurred. Of 15,000,000 people SO per cent. are of Indian 
blood and more than half of these without a stain of white. With all 
lis faults, the Mexican peon is not lazy or vicious, and remains now, as 
of old, the pure American at his best. Mexico is the land of cactus and 
agave, of tortillas and frijoles, of chili and pulque, of silver and manpower, 
of cockfights and revolutions, of opportunity and manana, out of which 
« stable and prosperous civilization, more promising than that of Old 
Spain, seems to be rising as rapidly as tropical nature and human nature 
will permit. 

The Caribbean province lies in the equatorial zone of voleanoes, earth- 
quakes, perennial heat, heavy rainfall and tropical forest. These condi- 
tions attain their extremes for the continent in Central America, where 
4,500,000 Indians, negroes, and mestizos are leavened with less than one 
per cent. of pure European stock. The natural and human conditions are 
less favorable than on the Mexican plateau. The most momentous things 
in the province just now are the Tehuantepec railway and the Panama 
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Canal. The Mexicans have bettered Captain Eads’ scheme for a_ ship 
railway by constructing a first-class trunk line 192 miles long, with a 
summit level below 70U feet, and adequate harbor works at each end. The 
traffic amounted the first year to $38,000,000. This route between Atlantic 
and Pacific ports is 1,000 to 1,500 miles and four to six days shorter than 
the Panama route, and in competition with it can hold mail, passenger 
and fast freight transit. 

Concerning the consequences to follow from the opening of the Panama 
canal, no one can predict with assurance. Whether it is a great big bluff 
put up by the United States in response to the world’s dare, and will be of 
value chiefly as a means of doubling the effective strength of our navy, or 
whether it will transform seaports and routes of trade between Europe, 
Asia and America, and even knock down transcontinental freight rates. 
remains to be seen. In either event, it will prove well worth doing. It 
is eminently fitting that the Great Republic should make real the dream 
of centuries, and should overcome the greatest natural obstacle to com- 
mercial progress that the world presents. The enterprise is more com- 
mendable and beneficent than the Crusades. Its execution is a victory 
of peace, Surpassing in discipline, mastery of engineering and sanitary 
skill the achievements of Japan in war. The completion of the canal will 
make the Caribbean truly the American Mediterranean. 

In the West Indies the negro peoples are the most interesting. They 
number 2,500,000 and constitute nearly the whole population of Haiti, 
Jamaica and Barbados. Here the negro has had the longest time and 
the best opportunity to show in a congenial environment his capacity for 
civilization. The results under self-guidance in the black republics of 
Haiti and Santo Domingo are scarcely better than those in central Africa. 
In Jamaica and Barbados, the British Empire has no more orderly, in- 
dustrious, intelligent, and loyal subjects than the colored people, a large 
majority of whom are members of the church of England. The Caribbean 
province has an area about six times that of Java and one-third as many 
people. If it were as efficiently manned and managed as Java, it could 
supply the continent with all tropical products, including rubber, coffee, 
sugar, cocoa, fruit and spices. Who will man and manage it? 

Thus far I have tried to characterize briefly the provinces of ex- 
tremes, those which may be called cold and dry, cold and wet, hot and dry 
or hot and wet. I now come to those medial provinces which are called 


temperate, but are in a sense the most intemperate of all. The climatic 
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map (Fig. 2) shows that the isotherms of 70 degrees for July and of 50 
degrees for January cross near San Francisco and spread widely apart, 
bounding a belt which belongs to the torrid zone in summer and the frigid 
zone in winter. The climate is best characterized as intemperate, having 
an annual range of 40 to 60 degrees. Maximum temperatures of 110 degrees 
and minimum of -50 degrees are not unusual. The belt is swept by a 
procession of cyclones and anticyclones which bring rapid changes from 
cool and dry to warm and wet and vice versa, two or three times a week. 
The weather is perhaps the most variable and uncompromising in the 
world. Cold waves and hot waves intensify the seasons and give everybody 
something to talk and read about. The atmosphere furnishes a perpetual 
turkish bath, running the gamut from hot to cold and cold to hot in the 
most stimulating and irritating manner. Our HBuropean friends say that 
American bustle and restlessness and the strained expression on our 
faces are due to the uncertainty and intensity of American weather. 

The eastern half of the intemperate belt is saved from aridity by 
eyclonic winds from the gulf and Atlantic, which carry a rainfall of 20 
or more inches to Hudson Bay. The western half catches its moisture 
as catch can and puts up with the driblets left from the load dropped on 
the eastern plains or the western mountains. The line near the 100th merid- 
ian where the 20-inch isohyet and the 2,000 foot isohyps coincide is one of 
the most strongly marked natural boundaries in the world. It is the west- 
ern limit of forest, prairie, agriculture without irrigation and dense popula- 
tion. The medial belt of North America is divided into three pairs of 
provinces, the Pacific, Interior, and Atlantic. The simplest is the In- 
terior, including the Arizonan, already noticed. 

The Interior province is composed of two plateaus separated by the 
broad system of the Rocky mountains. There is not a square mile in it 
below 2,000 except in the lower Columbia valley, and most of it lies above 
all but the summits of the Appalachians. On the west the smaller Co- 
lumbia plateau is a frozen sea of lava, trenched by the Snake and Colum- 
bia rivers in gloomy canons. Most of the scant rainfall sinks into the 
crevices to reappear along the canon walls in voluminous springs. The 
dominant plant formation is sagebrush, which is neither grass nor shrub 
nor tree, but just artemesia. The eastern plateau, commonly known as the 
Great Plains, but better characterized as the High Plains, is nearly 2,000 
miles long and 3800-to 500 miles wide. It is broken here and there by 
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islanded uplifts of ingenous intrusion, such as the Black Hills, and carved 
into the fantastic forms of the Bad Lands; but over much of it the land- 
scape has no feature but the bounding curve of the horizon. Overloaded 
and dwindling rivers from the mountains wind across it in tortuous or 
braided channels. It is semi-arid steppe, a transition between forest and 
prairie on the one hand and desert on the other. It is the domain of 
bunch grass, fitted by nature for the home of nomad herdsman. 

The first chapter in the eventful geography of the steppe is concern- 
ed with the buffalo and the plains Indian. You know the story of the 
millions of “humpbacked cattle” and the thousands of fierce and restless 
red men who lived upon their tongues and hides, and with an economic 
basis and an energy that might have made them masters of the continent, 
expended both in killing one another. The white men brought them horses, 
firearms, firewater and smallpox, a combination which probably shortened 
their career. 

The first serious invasion of the country was that of the cattle kings 
and cowboys from the south, who drove their herds over “the long trail,’ 
and inaugurated the strange, brief, pastoral episode of the steppe. The 
conflict between the Indian and the cowboy raged for a decade with no 
decisive results until the prairie schooners of the Mormons, Oregon emi- 
grants, and gold seekers bound for California and Pikes Peak, brought new 
elements to turn the scale. For another decade the life of the steppe was a 
chaotic welter of Indian, cowboy, emigrant, miner, hunter, freighter, coach 
driver, pony express rider, outlaw, soldier and engineer, which lives in 
literature and fascinates young and old as the most adventurous and 
romantic chapter in American history. The civil war demonstrated by 
how slender a thread the Pacific States were bound to the Union and 
spurred Congress to tie them with iron bands. The completion of the 
Union and Central Pacific lines in 1869 insured the speedy extermination 
of the buffalo, the suppression of the Indian raider and the dawn of an 
era of law, order, and peace. 

The Indian dozes on his reservation or works on irrigation dams, the 
open range has gone, cowboy life has become tame ranching, irrigation 
and dry farming are displacing bunch grass with alfalfa, kafir corn and 
durum wheat. Through all the shifting scenes in the strange drama of the 
steppe, aridity has been stage manager and will remain so to the end. 

The Pacific provinces are but a narrow fringe hemmed in between 
the sea and the mountains beyond which desert and steppe begin abruptly. 
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California has the only bit of truly temperate climate where the monthly 
temperatures are always between 50 degrees and 70 degrees on the conti- 
pent. The long, dry summer and mild, moist winter invite to a free, out- 
door life, where men may take long breaths and live close to nature. Dr. 
Jordan claims for California three most valuable assets, climate, scenery 
and freedom, and the claim may be allowed in full, and to its items may 
be added Stanford University and San Francisco Bay. The Oregon 
province differs from the Californian chiefly in having more rain, cloud 
and fog. Here the coniferous forest reaches probably its highest floristic 
and economic development. Fruit trees and vines are so luxuriant and 
prolific that an astute, though amateur scientist, conjectured the presence 
of more radium than the average in the soil. Here the Columbia river 
makes the only complete gap in the mountain barrier between the tropic 
and the arctic circle. Here also the Strait of Fuca and Puget Sound break 
200 miles inland. In the eyes of the geographer the better part of the 
Pacific provinces is water. The productive area is small, the great valley 
of California being about the size of Indiana. The land is narrow and 
rough and has no hinterland, but it forms a sufficient base for sea-power 
on the Pacific and a strong but gentle grasp upon the Orient. 

And thus by a roundabout road I comé finally to the core of the con- 
tinent, the part of North America that really counts, around which the 
other provinces stand as natural and economic tributary vassals. The 
Atlantic provinces between the Laurentian heights and the gulf of Mexico, 
between the sea and the critical line of the 100th meridian stand out boldly 
on every map. The area of the two is nearly 2,000,000 square miles, or 
one-fifth of North America, and is half as large as Europe. The popula- 
tion as about 90,000,000 or 70 per cent. of the total of North America. 

This region is the most densely populated large area in the western 
hemisphere and the most important center of civilization outside of Europe. 
This preéminence is due to many causes, geographical and historical. 

(1) Position. It lies on the west side of the North Atlantic ocean 
and north of the American Mediterranean. The long, low coastline, with 
many drowned valleys. and the number of navigable waterways which 
penetrate the interior render it easily accessible by water from the better 
half of the world. 

(2) Structure and Relief. While its relief is sufficiently varied, not 
more than a tenth of it is too rugged for cultivation. Four-fifths of it is 
a smooth plain below 2,000 feet in elevation, almost everywhere arable 
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and traversible by roads and waterways. Its crust includes the most 
yaluable coal, petroleum and iron fields yet developed in the world. Two- 
fifths of its area is covered with the best of glacial soils. 

(3) Climate. It lies in that part of the so-called temperate zone 
where the summers are long and warm enough to ripen the cereal grains, 
and the rainfall in the growing season is everywhere sufficient for agri- 
culture. 

(4) Vegetation. The natural vegetation includes large areas of conif- 
erous and summer forests and prairie. The sunimer forests are easily con- 
verted by clearing into grass and agricultural lands. 

(5) People. The bulk of population is of Baltic Caucasian stock, 
which the presence of negroes, and the recent influx of Alpine and Medi- 
terranean immigrants, have not yet notably modified. In race and culture 
the region is an oversea colony of western and central Europe. 

Here then we have an environment with influences and reactions suf- 
ficiently complex to task the powers of the most accomplished scientific 
geographer. I cannot in a part of an hour undertake to do it justice and 
shall attempt only to touch upon a few points. I can sum up its economics 
in a brief table. 


LEADING PRODUCTS OF THE ATLANTIC PROVINCES OF NORTH AMERICA, 
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Uhe total value of its agricultural products in one year approaches 
nine billion dollars, a sum which Secretary Wilson says nothing short of 
omniscience Can grasp. The net value of manufactured products is well 
over ten billion dollars. However approximate these figures may be, they 
show the order of the magnitudes. 

When goods are produced in such quantities, the circulation of prod- 
ucts and people must be on a corresponding scale. In the way of this, 
the Appalachian highland offers the only barrier. This is broken through 
by two gateways, the St. Lawrence and the Mohawk-Hudson valleys. 

The gap of the Laurentian lakes and river plays the part of the Baltic 
sea in Europe. It lets tide and shipping 900 miles inland to Montreal, and 
smaller vessels penetrate to the head of Lake Superior, 2,000 miles by water 
and 1,000 miles in a direct line from the sea. Modern improvements have 
made this the greatest commercial waterway of the world, next to the 
North Atlantic ocean. The total tonnage passing through the “Soo” canals 
in one season of less than eight months is about €0,000,000 tons, or more 
than four times that of the Suez Canal, and equal to the combined tonnage 
of New York, London and Liverpool. The total traffic of the upper lakes 
through the Detroit River amounts to 70,000,000 tons. 

The Mohawk-Hudson gap is even a more important gateway of the 
continent than the lower St. Lawrence. The New York barge canal now 
under construction may be regarded as a half-way measure toward a fu- 
ture ship canal at least 24 feet deep. 

Time is lacking te discuss the waterways of the Mississippi systent. 
Improvements will be made, but the complete control and utilization of 
the Mississippi is a larger proposition than mankind has yet anywhere 
attempted, and may prove too costly for even the richest country in the 
world to accomplish. [f venture only to mention as probable future water- 
ways of considerable magnitude: Lake Erie to Lake Ontario, Buffalo to 
Troy, Georgian Bay to Montreal, Cleveland to Pittsburgh and Cairo, Chi- 
cago to New Orleans, Kansas City to St. Louis, Winnipeg to Lake Su- 
perior. The strategic points on the seaboard are Montreal, New York and 
New Orleans. Among those inland, Buffalo, Cleveland, Pittsburgh, Detroit, 
Chicago, St. Louis and Winnipeg are plainly conspicuous. I want to call 
especial attention to Winnipeg. It stands in the wasp-waist of Canada, 
through which all currents must pass. If I were a capitalist I would look 


for investments in Winnipeg. 
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New York already looms up as one of the modern wonders, with a 
reasonable prospect of becoming within twenty years the metropolis and 
financial center of the world. The vision of a city of ten or twenty million 
people appalls the imagination. The growth of the seaboard, Cleveland- 
Pittsburgh, and Chicago manufacturing districts sustains the prophecy of 
H. G. Wells that there will ultimately be a continuous urban industrial 
district, extending from Boston, New York, and Philadelphia to Chicago 
and St. Louis, with various outliers along the Mississippi. 

For the general map of future economies or use of land, Fig. €, we are 
indebted to Raphael Zon of the U. S. Forest Service. (Circular 159.) 

The question of future population is not only a fascinating subject of 
speculation, but a serious practical problem of vital importance to all stu- 
dents of the conservation of natural resources. It is not at all a question 
of space. If all the people in the world could be herded in Texas, every 
man, Woman and child could have a domain 7O feet square, equal to an 
ordinary city lot. Even in Rhode island they could stand in rows 4 feet 
6 inches apart both ways. ‘The population which any region can support 
is fixed, according to Dr. McGee, not by land area or limitation of atmos- 
pherie nitrogen, but by water supply, a proposition sustained by a com- 
parison of the rainfall and population maps, which might almost serve one 
ir: place of the other. 

He calculates that the “duty of water” in relation to human popula- 
tion is “the maintenance of one human life a year for each five acre feet 
used effectively in agriculture.’ The annual rainfall of the United States 
is five billion acre-feet; therefore the capacity of the United States for 
pepulation is limited to one billion, giving a density about half that of 
Lelgium, a figure which may be reached in less than three centuries. Sev- 
eral statisticians, calculating from known rates of increase, place the popu- 
lation of the United States in the year 2000 at 250 to 350 millions. 

Even more momentous than the question, How many? is the question 
What shall we be? In 1830 the people of the United State and Canada 
numbered about 14,000,000 and were, except the French on the lower St. 
Lawrence, of almost pure British stock. Shortly after 1830 immigration 
began on a large scale, and with some fluctuation has increased until the 
present, when in some years a million aliens land upon American shores. 
The total number amcunts to about 28,000,000, of which 90 per cent. have 
come from Europe. VPrevious to 1890, 75 per cent. of them were Baltic 
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and Teutonic people. Since 1890, 60 per cent. have been Alpine and Medi- 
terranean people. This influx of people who differ widely from the orig- 
inal stock in temperament, habits, language, and religion, makes the prob- 
lem of assimilation and blending a serious one. The most efficient agent 
cf Americanization is the public school, where the children learn the Eng- 
lish language, absorb American ideas, and undergo a change even in head 
form. The Alpine people are noted for their domestic virtues and devotion 
to family, divorce being almost unknown among them. The Italians have 
a native talent for art and music. These are qualities in which the typical 
American is often lacking, and desirable contributions to the society of 
the future. 

A rapidly developing country like ours has an almost unlimited ca- 
pacity to absorb and use labor supply, and there is no indication of a sur- 
plus. The number of colored people in proportion to the total population 
is decreasing, and it is possible that in time even the “black belt” will fade 
out. At the twelfth United States census the native whites of native par- 
ents formed a small majority, the foreign whites and native whites of for- 
eign parents a little over one-third. The tardy returns of the thirteenth 
census will probably reverse these proportions. The United States is the 
melting pot of the nations. 

The relative and absolute decrease of the rural population, the increase 
of foreign born, the relative decrease of food supply, the approaching limit 
of food production under the present systems of agriculture, the steady 
rise in prices, all indicate that the days of plenty and profusion are pass- 
ing, and that the American standard of living must decline toward the 
European standard. 

In Canada, with a population of about 7,000,000, mostly in southern 
ymtario and Quebec, there are too many unknown factors to make predic- 
tion justifiable. The greatness of Canada is chiefly visionary. Their offi- 
cial literature gives one the impression that they have learned the art of 
boom and brag until they can go us one better in Claiming everything in 
sight and more beyond the horizon. In calculating such big round figures 
as I have given for the Atlantic provinces, in most cases Canada is al- 
most negligible. Dreams of a large agricultural population on the Peace 
River in latitude €0° and on the “clay belt’ around James Bay seem to 
have the same kind of a basis as that of a railroad to Hudson Bay and 
regular lines of steamers from Churchill to Liverpool. The geographic 
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probabilities are that Canada’s most valuable assets lie in the great forest. 
and the unknown mineral wealth of the Laurentian peneplain. 

Standing upon the broad principle postulated by Geddes, that “geogra- 
phy in the long run disposes,” geographers should not hesitate to express 
the general trend of geographic influences. While taking into account the 
contravention and annulment of these influences by historical, racial, so- 
cial, political and even personal forces, they are disposed to regard appar- 
ent violations of geographic laws as local and temporary, or as manifesta- 
tions of some higher law. Jefferson was a geographer as well as a states- 
man when he prophesied that the Mississippi basin ‘will ere long yield 
more than half of our whole produce and contain more than half of our 
inhabitants,” and declared that any foreign possessor of the mouth of the 
Mississippi is ‘our natural and habitual enemy.” Lincoln and the loyal 
people of the north were geographers when they maintained that a separa- 
tion of the northern and southern States would be a calamity to both. 

The Canadian election is over, and we know what our next door neigh- 
bor thinks of us. Nevertheless I venture to predict that the two nations 
will ultimately become one. Annexation of the United States to Canada 
might be preferable to the inverse process; but geographic influences of 
maximum intensity crowd the two peoples together with the persistent 
pressure of gravitation. ‘No sane man,” says Prof. Grant of Kingston 
University, ‘‘would, if asked to divide North America into three nations, 
draw the present boundary line between Canada and the United States.” 

The habitable area of Canada consists of a strip 4,000 miles long and 
200 to 400 miles wide, almost cut into three fragments by the northward 
projections of Maine and Lake Superior. The provinces are held together 
like beads on a string by the Canadian Pacific Railway. Is it not probable 
that the enormous mass of wealth and kindred population on one side of 
the most unscientific boundary in the world will in time attract and dom- 
inate the economics and politics of our northern neighbors, and Canada be 
peacefully absorbed by economic rather than by diplomatic or military 
cenquest? 

The scientific frontier along which a geographer would divide the con- 
tinent is, of course, the crest of the Rocky Mountains. That is the natural 
line of cleavage, but the Pacific States of America, as a world power, 
would incur the danger as well as enjoy the strength of their position. If 
there are ever as many people and as much wealth between Los Angeles 
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and Prince Rupert as between Chesapeake Bay and the Gulf of St. Law- 
rence, it will be when San Francisco is the capital of Japanese or Chinese 
America. 

Whatever may be the changes and chances of the coming centuries, 
ours is a big country. We are not to blame for its bigness, and we must 
accept its awkward bulk and make the best of it. To live in a large coun- 
try requires large mindedness. The American people have fallen heir to 
the largest fortune in natural resources and virgin lands that ever came 
to any people in the world’s history. It is an opportunity larger than 
can ever come again on this planet. Every influence tends to foster in us 
a spirit of extravagance and arrogance. If we can survive the period of 
adolescent exultation and riot, and with spirit undimmed and powers in- 
tact, attain a sober and dignified maturity, all geographic influences con- 
spire to make the Atlantic provinces of North America the home of a 
people united in blood, spirit, economics, government, institutions and 
civilization, equal in number to the population of Europe, and to make 
that people not only dominant in North America but able to divide with 
Europe the hegemony in the confederation of the world. 

Let me cap my climax with the words of a French sociologist, Ed- 
mond Desmolins, who places in the United States and Canada the home 
par excellence of the development of the particularist social formation, 
where the Baltic and Teutonic peoples, expanding upon new and vacant 
lands, are able not only to develop freely, normally and without foreign 
influence, but also to acquire an ever increasing personal initiative. “By 
the processes of private life alone,” he says, ‘they have established and will 
maintain parliaments, self-government and the predominance of the indi- 
vidual over the State. They absorb, assimilate or eliminate numerous and 
diverse elements from the old world. They are a society of intense life, of 
individual energy and aptitude for progress raised to their maximum. 
They are the society of the future.” 

And what of Indiana? 'The prepotent geographic quality of Indiana is 
its centrality. It is not in the center of North America, but near the cen- 
ter of its richest province. We, here at Indianapolis, are nearly midway 
between the critical line of the 100th meridian and the Atlantic coast, be- 
tween the Laurentian peneplain and the gulf coastal plain, between the 
Appalachians and the Mississippi, between Lake Michigan and the Ohio, 
between the July isotherm of 70° and the January isotherm of 50°, be- 


tween the isohyet of 20 inches and that of 60 inches, between the isopleth 
of 250 and that of 8. Indiana sits astride the Cincinnati arch with one 
foot over the edge of the interior coal field and the other on the oil and 
gas belts, and astride the boundary of glacial drift and the boundary be- 
tween summer forest and prairie, with the balance on the right side in 
both cases. No State hits more exactly the golden mean. its position 
makes it, like France, a ‘“‘bridgeland’” between north and south, east and 
west. It has been happily called the “midland gap” traversed by many 
lines of human interest. The mid-parallel of the United States, the 389th. 
triangulated and leveled by the geodetic survey, crosses it. The centers 
of cereal production and farm values have crossed it into Illinois. The 
center of manufactures is in Ohio headed this way. The center of popu- 
lation has been stuck in Indiana for twenty years and is likely to stay 
here indefinitely. The National Road, the Wabash and Erie canal and a 
score of east-west trunk-lines cross it, and ship canals both ways are more 
than possibilities. Everything comes our way because it must. The happy 
mean involves an absence of startling extremes. Few superlatives can be 
applied to Indiana, but it is not therefore commonplace. Its central posi- 
tion implies a moderate variety and complexity. In Indiana cold waves 
are not too cold, hot waves are not too hot, and tornadoes are not very 
frequent ; yet the climate is by no means monotonous or enervating. There 
are no volcanoes, geysers, earthquakes or glaciers, but the moraines and 
lakes of the north and the hills, knobs, bluffs and caves of the south pro- 
vide a pleasing variety of landscape beloved by the artist. The strongest 
contrasts in Indiana are between north and south separated approximately 
by the boundary of the Wisconsin drift, which also is or was the color 
line, the mule-horse line, the neckyoke and chain-trace line, the corn-shuck 
and corn-husk line, the tinpail-bucket line, the “thataway” line and the 
“right smart’ line. In the north the winters are severe enough to compel 
a proper degree of foresight and care. In the south a family might live 
as Thomas Lincoln’s did, with only a blanket for a door to the cabin. In 
the days of slavery Indiana was the right of way of the underground 
railroad, and during the Civil War no northern State was more evenly 
balanced in its sympathies. In party politics no presidential candidate 
can count upon it with assurance. Many great men start or stop in Indi- 
ana; not so many stay there. To trace the environmental influences which 


have given rise to a banner crop of oratory, poetry, fiction and humor 
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would be a fascinating problem, but something must be left for my col- 
leagues who are to follow on this program. Indiana is too much in the 
way to be isolated, antiquated or one-sided, yet not in danger of being 
swamped by foreign elements. If it should ever cease to be the home of 
fi prosperous community of enlightened and happy people the event will 
not be due to adverse geographic position or environment. 
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CxuEMICAL NOTES ON VENTILATION. 


By Percy Norton EVANS. 


What is the direct cause of the enervating and injurious effect of 
poor ventilation on the human system is still uncertain. The old theory 
that it is due to increased carbon dioxide and decreased oxygen in re- 
spired air seems quite inadequate in view of the smallness of the actual 
difference between ordinary poor air and fresh air; to be sure the carbon 
dioxide may be increased many times, but it is not poisonous, and experi- 
ments have shown that equal quantities added to air by purely chemical 
means have no such marked physiological effects; and the concentration 
of oxygen is altered to a scarcely appreciable extent in any case of ordi- 
nary poor ventilation. 

It is held by some that definite toxic substances are exhaled in respi- 
ration, and that these, rather than the alteration in the proportions of 
inorganic constituents of the air, are responsible for the undesirable effects. 
Eexhalationus from the skin have also been considered of importance, and 
this hypothesis receives some measure of confirmation from the very notice- 
able difference in the intensity of the effect of a well-washed and a not- 
well-washed crowd in a poorly ventilated assembly room, the respiration 
products being the same in both cases presumably. Again, some claim 
that the excessive moisture is an important factor, but this seems an in 
sufficient explanation, for the air of badly ventilated buildings in cold 
weather contains nothing like the amount of moisture present in fresh air 
in warm, damp weather. 

Whatever the cause or causes—and they may be many—of the evil 
effects of poor ventilation, it is surely true that anything that tends to 
carry away the air that has been exhaled or in contact with the person 
and replace it by fresh air, must be beneficial. 

Dlaborate provision is often made to insure by mechanical means this 
movement of air. As will be shown, something can also be done by auto- 
matic physical means to bring about the same result, and where mechan- 
ical means are employed they should for economy and efficiency operate in 
such a direction as to assist rather than oppose the natural automatic 
movement. 
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It was formerly thought that foul air, that is air that has been 
breathed, was more dense than fresh air, because part of the oxygen of 
the latter is replaced by carbon dioxide in the lungs, and carbon dioxide 
is denser than oxygen, and consequently that expired air tended to fall 
and foul air to accumulate at the floor of a room, so that for the best 
results the remoyal of air should be from near the floor. This reasoning 
overlooked the fact that oxygen is also replaced by water vapor in the 
lungs, and water vapor is lighter than oxygen; also that the expired air 
is at a higher temperature than the air of the room and on this account 
less dense. This error is no longer generally made in the discussion of 
the principles although often in practice. As will be shown, expired air 
is actually lighter than fresh air under ordinary ventilation conditions, 
and therefore tends to rise and accumulate near the ceiling. This is as- 
sisted by the natural upward movement of air in a building warmer than 
its surroundings, as in a flue, and further by upward currents in the neigh- 
borhood of any body warmer than its immediate surroundings, such as a 
stove, a burning lamp or gas jet or electric light, or even the body of a 
person. That foul air tends to accumulate near the ceiling is very evi- 
dent to those occupying the gallery of a crowded auditorium. 

An experiment to test this upward movement of respired air was 
made by the writer in a class room about 27 by 30 feet and 16 feet high. 
The room temperature was 24° GC. (75° F.), and the outdoor temperature 
10° ©. (50° F.); the moisture in the air of the room as shown by a Mitt- 
hof hygrometer was between 50 and 60 per cent. of saturation. The win- 
dows and door and a ventilator were closed during the period of experi- 
ment and the only source of artificial heat in the room was a vertical 
steam pipe, the radiator being shut off by the automatic thermostat. 

The room was occupied by 26 adults for 50 minutes and was then 
unoccupied for 10 minutes immediately before the period of experiment, 
which also lasted 50 minutes, 36 adults being present, seated. 

Carbon dioxide was determined in the air with a Lunge air tester, 
samples being taken alternately from within 6 inches of the ceiling and 
the floor, through tubes, and analyzed on a table, near the center of the 
room. The analytical method consisted in forcing the air through a stand- 
ard solution of sodium carbonate colored pink with phenolphthalein, by 
squeezing a rubber bulb until the pink color disappeared, the number of 
squeezes being counted, and ranging in this experiment from § to 5, fresh 
outdoor air requiring 48 squeezes with the apparatus used. 
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The resuits for the successive samples from near the ceiling were 
14.5, 16.0, 18.0, and 21.0 parts of carbon dioxide in 10,000 parts of air by 
volume; near the floor the figure obtained was 14.5 in 3 successive samples. 
Moisture readings with the hygrometer showed an increase from 52 to 58 
per cent. of saturation during the experiment near the ceiling, and from 
55 to 58 below the table—a greater increase near the ceiling. These re- 
sults show that the respiration products, carbon dioxide and moisture, 
move upwards under these conditions. 

The influence of the temperature and moistness of the air of the room 
on the upward movement of expired air will be shown in what follows. 

The temperature of the exhaled air is necessarily body temperature, 
37° C. (98.6° F.); that of the surrounding air of the room can be con- 
trolled in an artificially heated building, and since cold air is denser than 
warm air the lower the room temperature the greater will be the differ- 
ence in density between it and the exhaled air, and the greater the tend- 
ency of the latter to rise and be automatically removed from the respira- 
tion level. Failure to take advantage of this principle probably accounts 
in part at least for the enervating and depressing effects of overheated 
rooms in our homes, schools, offices, public buildings, and, worst of all, our 
kotels. The usual temperature aimed at in this part of the country is 
well up in the seventies—a very mistaken form of luxury; it should be at 
least ten degrees lower, and sensible habits in clothing, especially on the 
part of fashionable women, would soon remove the apparent hardship. 
The accepted temperature for school rooms in England is said to be 58° 
I’., and the standard temperature of the room generally accepted in Euro- 
pean scientific work is 15° or 15.5° C. (59° or 60° F.). 

The moisture factor is similar to the temperature factor in its effect 
and to a less degree in its control. The exhaled air is always saturated 
with moisture, the air of the room if at a higher temperature than out of 
doors is not saturated unless moisture is added to it after entering the 
building, and in frosty weather is commonly not over one-fifth saturated. 
Since, as already stated, water vapor is lighter than air, and since it dis- 
places an equal volume of air, the less moisture there is in the air of the 
room the greater will be the tendency of the expired air to rise. There 
may be other reasons against having very dry air in buildings, such as 
irritation of the nose and throat, though this objection is at present de- 
batable and not in agreement with the generally recognized benefits of 


08 


breathing fresh air even at low temperatures; also there may be injury 
to furniture and wood-work, but from our present standpoint the drier 
the room air the better. In harmony with this is the very noticeably de- 
pressing effect of a very moist atmosphere. 

Let us now consider the numerical values concerned in these densities 
under ordinary conditions. 

Accepting Halliburton’s values for the composition of fresh air and 
expired air both in the dry condition, 


Fresh air— 


CREPE sel thas Guar Socio CROn Ra IRR Ra iE RN Ree iP 20.96 per cent. by volume 

UNTER OS OTIS Ee eieic ess fe sis. terevdene ite 6 2 1s aveioratees 79.00 per cent. by volume 

ATM OMCUO SUMO R ies, se wee ce erste ee sce, abe ae ee 0.04 per cent. by volume 
Expired air— 

DVO esis an ORE ons S ehettiere ee 7aue 16.12 per cent. by volume 

INGE OLS TI Memetere iets aie ceare cts "A bes cigveie esis. clare arocere 79.45 per cent. by volume 

MBACP O MEU ON LOT recs crs ose covei atc) oy sirens: s «1 er che sauare 4.48 per cent. by volume 


the densities, compared with hydrogen at the same temperature and pres- 
sure, are 


OW ( 29) 
‘<n ae 20.96 x1), G2. =e eae 04,22) 14 49 
100 100 100 
16.1216) (79.45, 4.43 22 
acrinate ae’ = 14,68 
Expired air: 100 * =)+ (aaa 7)+ (22 


Considering now the effect of moisture on the density of expired air, 
the tension of aqueous vapor, or vapor pressure of water, is 47 milli- 


OS lend 


meters of mercury at 37° C. (98.6° F.), therefore any gas saturated with 
47 100 


water vapor at this temperature consists of 760 x i or 6.2 per cent. 
rae) 


water vapor and 100-6.2 or 93.8 per cent. by volume of all other constitu- 
ents together. The composition of expired air saturated with moisture 
at body temperature is therefore 


ORV OOM resresstern ye sisters sacs cio. s 16.12x.938, or 15.12 per cent. by volume 
ANGI OREM aiey- Rants cieieve ticle. stele e 79.45x.938, or 74.52 per cent. by volume 
Carpon, dioxide: .. >. ..:--- 4.48x.938, or 4.16 per cent. by volume 
WWHAGI™ Va DOIee ct i.s cicvtibie sis oc cele wre Gereta 6.20 per cent. by volume 


The density of this mixture compared with hydrogen at the same tem- 
perature and pressure, calculated as before, the density of water vapor 
being 9, is 14.38. 
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Comparing then the densities of dry fresh air and expired air sat- 
urated with moisture, both at 57° C. (98.6° F.), we find them to be 14.42 
and 14.83 respectively, the addition of the moisture having a greater effect 
in decreasing the density than the replacement of part of the oxygen by 
carbon dioxide in increasing it, if the inspired air is dry. 

Taking into account such differences in temperature as are likely to 
occur between the inspired and the expired air, we find that since the 
density of any gas or mixture of gases is proportional to the absolute 
temperature, a density of 14.42 for dry fresh air at 37° C., or 310° abso- 


lute, becomes at 20° C., or 293° absolute, (4° x 


relative densities of dry fresh air at 20° C. (68° F.), and ordinary ex- 
haled air (at 87° C.), are 15.26 and 14.42. The difference between these 


figures, which is favorable to the automatic removal of respiration pro- 


or 15.26, so that the 


ducts from the level of respiration, decreases with any increase in temper- 
ature of the fresh air. A density of 14.42 at 37° C. becomes 14.33 at 39° 


14.42. 310 
1wa3,) 1 


would have at 389° C. (102° F.), the same density as ordinary expired air 


Cy tor or 312° absolute is 39° C.; therefore dry fresh air 


(saturated with moisture and at 387° C.), and at 89° C. the automatic 
upward removal of respiration products due to difference in density ceases. 

Having considered the case of perfectly dry fresh air, let us take the 
other extreme of fresh air saturated with moisture at certain temperatures. 
The tension of aqueous vapor at 380° and 35° C. is respectively 82 and 42 
millimeters of mercury, so, by reasoning similar to that on page 58, the 


composition of fresh air saturated with moisture at these temperatures is 


At 30° C.— 
ONG SOM eras aueul wmperacusne stoves 20.96 x .958, or 20.08 per cent. by volume 
INGERO LOM ei cis, sicyels eis. 3 tonne: 79.00 x .958, or 75.68 per cent. by volume 
Carbon dioxide, acscs. 0.04 .958, or 0.04 per cent. by volume 
NVA CIV AUD OTbrees eases, Sis oneds «syou-ne toicuessyotveuetsbeus ays 4.20 per cent. by volume 
At 35° C— 
Oxay seni s./Aa. Meee ne 20.96 x..945, or 19.81 per cent. by volume 
INTGropens S85. 4h. 8. Me ease 79.00x.945, or 74.65 per cent. by volume 
Carbon dioxiderss..5. 5.0. 0.04 x .945, or 0.04 per cent. by volume 


Witter VdDOr Aas ere scien, haere ora clete ve ables 5.50 per cent. by volume 
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The densities of these mixtures compared with hydrogen at the same 
temperature, say 37° C., are respectively 14.20 and 14.11, calculated as 
before, while ordinary exhaled air has the density 14.83 compared with 
the same standard (hydrogen at 37° C.). Imagining these mixtures cooled 
down to 30° and 35° C., respectively, their densities become 14.53 and 
14.20, calculated as before from the absolute temperatures. By interpo- 
lation we find that if densities 14.53 and 14.20 correspond to temperatures 
£0° and 35° C., 14.33 corresponds to approximately 33° C.; therefore if 
fresh air is saturated with moisture it has at about 33° C. the same den- 
sity as ordinary exhaled air (saturated with moisture and at 37° Oh 
therefore at 33° C. (91° F.) the useful upward movement of expired air 
ceases if the surrounding air is saturated with moisture. 

A certain temperature between 33° and 39° C. corresponds to each 
degree of saturation with moisture. 

It has been shown that under all ordinary conditions of ventilation the 
products of respiration move upwards; that this upward movement, by 
which the harmful products are removed from the level of respiration, is 
assisted by a low room temperature, and by dryness of the air of the room; 
also, that the fresh air has the same density as expired air (saturated 
with moisture and at body temperature) at 33° C. or 91° F. if the fresh 
air is saturated with moisture, at 39° C. or 102° F. if perfectly dry, and 
at temperatures intermediate between these with different degrees of 
moistness. 

Purdue University, 

LaFayette, Indiana, 

November, 1911. 
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AN Inprana SuHErut Mounp. 


By W. S. BLATCHLEY. 


Some six or seven years ago while looking up the road materials of 
Martin County, Indiana, I noted on the northwest quarter of section 36 
(3 N.—4 W.) of an old county map which I had in hand the words “shell 
mound.” I asked my companion, a resident of the town of Shoals, if there 
was a mound at the place so marked. He did not know but proposed that 
we drive out and ascertain. As our afternoon’s work took us near the 
place, on returning we drove in a gateway and along a private road which 
followed the bank of White River for half a mile or more. While so doing 
we met the owner of the land, one Thomas Ghormley of Shoals, who re- 
turned with us and led us to the site of the so-called mound. It was on 
the crest of a sandstone bluff on the south side of White River and one 
hundred and twenty feet above the water. Here, on a level tract of sev- 
eral acres, the surface nearest the brink of the bluff was a few feet higher 
than that back of it and through the soil was here and there protruding 
a broken shell of a Unio or fresh water mussel. One or two small open- 
ings had been made by some superficial investigator which showed the 
shells to be closely massed a foot or so below the surface. Having no tools 
for digging I at that time made no farther observations, but resolved to 
return for a thorough investigation. 

The next summer, accompanied by James Epperson, State Mine In- 
spector, I spent two days at the place and found it to be. an extensive 
kitchen-midden or refuse heap of some ancient race. They probably had 
their village site on the level tract to the south or back of the shell heap 
and had dumped the shells, after the animals had been extracted, on the 
edge of the bluff. The area covered by the shells and other remains was 
found to be one hundred and seventy-feet in length from east to west by 
sixty-five feet in width from north to south, the edge nearest the bluff 
being curved or in a half circle. Over most of that area the shells were 
from three and a half to four and a half feet in thickness and covered 
with one to one and a half feet of sod and soil, through which in many 


places the shell fragments had worked to the surface. At several points 
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on the slopes there was found to be a layer of shells, then a layer of sev- 
eral inches of soil, followed by another layer of shells, this indicating. an 
irregularity of dumping, brought about perhaps by the village site being 
vacated at intervals. (n the thickest portion of the heap the shells were 
eceasionally mixed with much humus, but for the most part they were 
nearly clean, appearing as if but recently dumped, though rapidly disin- 
tegrating when exposed. They represented the more common species of 
mussels now occurring in the river, but were mostly of small size. Among 
those noted were Unio triangularis, luteolus, ligamentinus, teres, rectus, 
circulus, donaciformis, tuberculatus, irroratus, gibbosus, plicatus, undu- 
lutus, cylindrcus, metanevrus, lachrymosus, pustulosus, rubiginous, etc. | 
Numerous specimens of fresh water univalve shells of the genera Pleuro- 
cera and Campeloma were mixed among the bivalves, as were also frag- 
ments of elks’ and deers’ horns and bones of various mammals. Almost 
all the bones, even the smaller ones, had been split for the marrow. 

Mixed with the shells were also many fragments of sandstone rock 
about 3x 2x38 inches which appeared as if they had been exposed to fire; 
also small pieces of charcoal and in two or three places thin beds of ashes 
tightly cemented together. 

One very small fragment of coarse pottery of a reddish hue was found 
and one or two imperfect flint arrow-heads. The most interesting arti- 
ficial objects taken were a number of bone awls and thicker pieces of bone 
sharpened down to serve as prys in opening the shells. The majority of 
the awls were broken, but of some all the pieces were found and cemented 
together. One had an eye or small opening at the end and had doubtless 
served as a needle. Some fragments of red orpiment or clay from which 
it is burned were also found. 

T. Ghormley, the Gwner of the land, has ploughed up two small axes 
and a number of flints, stone hammers, etc., from the supposed village site 
just south of the shell heap. Whether these belonged to the people who 
dumped the shells or to a later race which afterward inhabited the same 
site, there is no means of telling. They would indicate, however, that the 
former owners lived in the stone age before the advent of the white mau 
with his weapons and implements of metal. By the best authorities such 
mounds in other localities are referred to the early part of the Neolithic 
age when the art of polishing flint instruments was known but before it 
had reached its greatest development. 
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Similar sheli heaps are known to occur in a number of places in Indi- 
ana, though but few if any of them have been: thoroughly investigated. 
‘Along the Ohio River in Clark County there is one near the mouth of 
Fourteen-mile Creek and another two miles east of New Washington. The 
large one formerly at Clarksville, just below Jeffersonville, has been mostly 
eroded away by the stream. Others occur on the banks of the Ohio in 
Perry and Posey Counties. On a high bluff just below New Harmony there 
is a large kitchen-midden, and also another on the Wabash near Merom, 
Sullivan County. 

All of these Indiana refuse heaps are composed mainly of the shells 
of Unio, and show that that mollusc once formed an important element 
in the food supply of an ancient people. The larger number of Unios in 
our streams have in recent years been removed to furnish ornaments, not 
food, for the over-civilized white man. It might be well for him to culti- 
vate a taste for these fresh water clams and so add another variety of 
food to his menu, thereby reducing in slight degree the high cost of living 
of which he now so much complains. I do not know, however, that I 
would advise him to try any of those (if any there be) in the West Fork 
of White River between Indianapolis and Martinsville. 

Shell mounds or kitchen-middens of marine shells, some of them of 
great size, occur frequently along the Atlantic coast and are especially 
numerous in Florida. They have not as yet received the close attention 
from archaeologists that those of Europe have had. A thorough study of 
them would, without doubt, disclose many points of interest regarding the 
fcod habits and domestic life of our prehistoric races. 

It was from one of these refuse heaps, 1,135 feet in length and with an 
average width of 160 feet, located near Ormond, Florida, that, in 1899 1 
secured the bones of the Great Auk, and so extended the known range of 
that now extinct marine bird more than 1,100 miles. 
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MATERNAL IMPRESSION. 


A. G. PoHLMAN, Indiana University. 


When a doctrine has been in vogue since the earliest chapters of re- 
corded history, and when evidence in its favor may be found in all climes 
and peoples, ove is tempted as was Von Welsenburg to believe that some 
basic facts underlie the belief in maternal impression. Belief must however 
not be confused with fact, and the antiquity, iniquity and ubiquity of ma- 
ternal impression are not synonymous with convincing evidence. In days 
gone by, skepticism was not particularly encouraged and the truth in a 
given matter was in direct proportion to the caliber, mental or physical, 
of the individual who uttered the statement, not to the amount of evi- 
dence he produced. Nostradamus’ excellent contention for the peculiar 
inherent psychic qualities in the seventh son of a seventh son had a face 
value once upen a time, but now-a-days the Civil Service Commission would 
give him opportunity to pass the examination for Custom’s Inspector if 
he applied for this position. Even in my own lifetime I have remarked 
that the clairvoyants are no longer born with a “caul’ and have ceased 
to use the “caul”’ as the fulcrum upon which they pry into the affairs 
of others. Possibly through selection they have developed an instinctive 
second-sight. The fact that it is physiologically impossible for the hair 
to turn white in a single night may not be convincing, and I doubt that 
the inability of the German anatomist Stieda to find a single authentic 
case will be received any more seriously. Indeed we find that a single 
ease cited upon good authority, even before history was, is still observed 
daily by trusting minds. The antiquity and ubiquity of the doctrine of 
maternal influence do not convince me as they did Von Welsenburg of 
certain fundamental facts. The sun went around the earth for myriads 
of years and will continue to do so even in remote peoples. Why deny 
our senses? 

The antiquity of the doctrine is phenomenal and practically all writers 
pro or con hark back to the source whence all this blessing flows—the 
story of Jacob and his cattle. JI will make an exception and dismiss Jacob 
with a word. It may be that Jacob used the ‘“pilled rods” on the more 
susceptible human observers much after the fashion that the present day 
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magicians use their wands—to divert the attention and “cover the experi- 
ment.” As evidence I cannot consider it any more seriously than the re- 
markable feat of Joshua might be taken as proof conclusive of the futility 
ini the study of celestial mechanics. 

The ubiquity of the doctrine may also be satisfactorily explained. 
Like “Little Orphant Annie,” every race has its own peculiar story of how 
“the goblins will get you,” and it would be more than strange if supersti- 
tions of like character did not arise even in remote peoples over the birth 
of a child 


that folklore has some truth in it; but then folklore never loses in the 


particularly an abnormal one. I am not prepared to deny 


telling and does not necessarily imply close analytical study. 

The iniquity of the doctrine is notorious and consists in an attempt 
to convict Mrs. X. of giving birth to a mentally, morally or physically 
misshapen child or to a mathematico-musico-poetic prodigy by reason of 
certain influence she has exerted, and without giving her a chance to de- 
fend herself. If the law holds that a person must be proved guilty be- 
yond reasonable doubt, let us first look into the evidence; for without the 
facts, there is nothing to disprove; without the facts, the argument may 
be entertaining but not productive. 

Inasmuch as everyone has his own cases which illustrate the work- 
ings of maternal influence and which he looks upon anywhere ranging 
from a grave suspicion to conviction, I will arrange the evidence presented 
into several classes and illustrate each with a case. 

I. Alleged bona-fide maternal impression—conscious type. 

“Dr. Napheys tells of a woman, the wife of a baker, who during the 
earlier months of her pregnancy, sold bread over the counter. Nearly 
every day a child with a double thumb came in for a penny roll, present- 
ing the money between the thumb and finger. After the :ird month, the 
mother left the bakery but the malformation was so it ressed on her 
mind, that she was not surprised to see it reproduced in her own child.” 
Neither was Dr. Napheys, for that matter, for had he been skeptical, he 
would have inquired into what the mother of the first child saw to create 
the deformity, and would have commented on the frequency of this par- 
ticular deformity at this time. Otherwise the evidence is excellent. 

I!. Alleged bona-fide maternal impression—subconscious type. 

“We have heard of a mother (evidence?) who gave birth to a child 

that had but one hand. The other arm was handless as if amputated be- 
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tween elbow and wrist. The only way she could account for the deficiency 
was the fact that her husband’s brother, who had his hand amputated, 
lived in the same family during the earlier months of her pregnancy. 
While she received no special shock, being familiar with his condition, yet 
maternal impression continued through a considerable period had its dis- 
astrous effects.” This case is illustrative and suggestive for, as Dr. Stall 
says, it shows that the unconscious impression may be as potent as the 
conscious. Assuming that the evidence is quite good, how does Dr. Stall 
account for the normal children born directly of our mutilated war vet- 
erans? 

Ill. Missed maternal impression; where a well defined shock occurred 
but the resulting defect did not resemble its alleged cause. 

“An instance came under my observation but a few years ago in which 
the boy of the family had fallen from a banister of a porch some eight or 
ten feet to the ground below where his head came into contact with stones 
inflicting a large gaping wound of the scalp. The mother had it to care 
for until my arrival. In a few months (seven to be exact) she gave birth 
to a child with spinal defect that soon extended to the head to form hydro- 
cephalus, causing great enlargement and the death of the child.” Here 
the unborn child did not exactly register its mother’s distress. Inasmuch 
as Goethe misunderstood the bones of the head and regarded them as 
modified vertebre, the error on the part of the child is wholly excusable 
under the circumstances, for as Dr. Blondel said nearly two hundred years 
ago, it is “not yet acquainted with the outward objects that disturb the 
mother.” 

IV. Postpartum maternal impression; where a woman on beholding a 
marked child remembers the circumstance that must be held re- 
sponsible. 

I abbreviate a -ase reported by Ballantyne. “On July 2, 1884, she 
gave birth to a ful’ term male child on whose chest there was a peculiar 
mark similar in size to the apple which was thrown at the patient, but 
rather paler in color. She then remembered the above mentioned circum- 
stance (being hit by an apple in the previous October) and connected the 
impression and the mark together as cause and effect.” Ballantyne, while 
he places this case in his list of maternal impression, remarks that it is 
not a strong case; to which I heartily agree. As evidence we cannot ac- 
cept it any more than we accept the statement of several individuals on 
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beholding a well-filled pocket book—“It’s mine” 


as conclusive proof of 

the wallet’s collective ownership. 

V. Non-selective maternal impression; where a mother succeeds in mark- 
ing both of the twins. 

These cases are extremely uncommon, for as we shall see, maternal 
influence appears to be extremely rare and twins occur about one in 
cighty-eight births. I am therefore glad to report as an illustration, a 
case given by Wiistnei. He tells of a woman who was accustomed to 
taking her nap with her forehead against a porcelain stove. She gave 
birth to twins and it was found that each had a rather long impression 
running up and down on the forehead. The case is not reported in suffi- 
cient detail to comment on it. I present it for its face value, together with 
the suggestion that a mark down the forehead of each of the twins would 
be likely to make a skeptic examine the birth canal of the mother for a 
bony prominence in the pelvis. 

VI. Non-selective type of maternal impression; where a mother only sue- 
ceeded in marking one of the twins. 

These cases must also be uncommon and I have found no instance 
ceported by the champions for maternal impression either because they 
do not oceur at all or because they do not strengthen the cause. I am of 
the opinion that the latter is the case; for abnormality in one twin is not 
particularly infrequent. I can, however, call attention to a case where the 
twins did not succeed in marking a single baby—the notorious example 


of the Balzac twins—a variety of Siamese 


and one of them, I forget 
which, gave birth to a normal baby. 
VII. Threatened maternal influence; where the mother is profoundly 
shocked and the infant refuses to register any marking whatever. 
It may be remembered that the Messina disaster was calculated to 
upset the routine of that town, and yet after the earthquake only one 
abnormal child was born of the women who were pregnant at the time, 
and that in a woman who had been pinned down for many hours with « 
beam over her abdomen. Indeed, it was reported that a number of women 
that had aborted spontaneously in previous pregnancies were so severely 
shocked that they carried their children to term. Bischoff could not dem- 
onstrate a single case of maternal impression in 11,000 confinements; and 
William Hunter “during many years every woman in a large London 
lying-in hospital was asked before her confinement whether anything had 
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specially affected her mind, and the answer was written down, and it s0 
happened that in no instance could a coincidence be traced between the 
woman’s answer and any abnormal structure; but when she knew the 
uature of the structure, she frequently suggested some new cause.” To 
this I would add a statement from Mauclere: “Do we not know how 
shy Women are always in confessing their Longings? They will never 
own upon the Spot, that they longed for such a Thing. It must be pre- 
sented before them as if we knew nothing of their Desire. And, if they 
are so unwilling to confess their Longing and Affections before the Ef- 
fect, why may they not be sometimes as backward to confess them after- 
wards? Certainly some Women are such unaccountable Creatures, that 
no more Stress can be Jaid on their Denials, than their Affirmations.” (i 
would state the gentleman has been dead over a century.) 

Mauclere attacked Blondel’s famous treatise and based his contention 
on the Art of Criticism. He says: “All that lies upon me is to shew, 
that he (Dr. Blondel) has not proved his Negative.” This argument holds 
teday ; for, as I have said, without the facts we have nothing to disprove. 
While nothing can be brought forward to demonstrate that a pregnant 
woman actually does influence her unborn child, it can be definitely proven 
that the child does affect the mother. Now, then, based on this fact, and 
with the idea that six equals half a dozen, if I propose the doctrine of 
fetal impression, I can defy anyone to prove me wrong—provided of course 
that any intelligent person will enter into argument with me. Further, 
this pseudo-hypothesis is much stronger than the maternal impression 
doctrine. If a child through congenital defect has hare-lip or what yon 
will (and I can show that these defects arise spontaneously in egg-laying 
animals) ; and I can also show that the metabolism of the child (or call 
it what you like) influences the mother, then with justice I can also infer 
that carrying a child with a given defect will make the mother more sus- 
ceptible to being shocked by a creature having a similar abnormality. 

It is strange how difficult it is to think a new thought. I constructed 
an illustrative example for my hygiene class. “If a pregnant woman goes 
to the sideshow and is frightened at beholding a two-headed steer and 
later gives birth to a two-headed child, the biological question is, ‘““What 
did the cow see?’ I can not replace this with an authentic case reported 
by Wiistnei. It seems that a woman gave birth to a child with a sort of 
tumor in the pelvic region. The child died on its attempted removal. and 
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the tumor was found to contain a second child, or at least additional fetal 
parts. The mother then related that while she was pregnant she had a 
goose which brought forth her goslings and among the number was a 
double one. This double gosling she gave to her child of four years to 
play with but presently the sight of it became hateful to her and she was 
forced to dispatch it. Now while the maternal impressionist must explain 
what the goose saw; my pseudohypothesis of fetal impression can explain 
why the double gosling became hateful to the mother very readily. 

I would therefore close this brief paper by repeating: The doctrine 
of maternal impression has four strong factors, its antiquity ; its ubiquity ; 
its iniquity and its unquestionable lack in proof. After all, the human 
being is more superstitious than he will openly admit, and perhaps P. T. 
Barnum, who capitalized credulity, should be accounted some word of au- 
thority in his statement “The public likes to be humbugged.” 


TERRACES OF THE WHITEWATER RivER NEAR RICHMOND, INDIANA. 


By ALLEN DAvip HOLE. 


INTRODUCTION. 

The terraces referred to in this paper constitute a small part of the 
complex series of terraces which characterize practically all the larger 
Valleys in a considerable portion of the glaciated area of the United States. 
The terraces along the Whitewater River near Richmond have been recog- 
nized and referred to by a number of observers, but so far as the writer 
knows, there is no record of any systematic, detailed study of them prior 
to 1909. -n that year Harold Chapman, then a student at Earlham Col- 
lege, studied carefully under the direction of the writer the terraces within 
the gorge from Richmond to a point about one and one-half miles south of 
the city. <A continuation of this work for the three forks of the White- 
water above the city, extending four or five miles along each fork, was 
undertaken by Wendell H. Pitts, another student, and completed by him 
in 1911. The author has, by permission, used freely the data gathered in 
these two studies, which covered the areas indicated on the accompanying 
cutline map, Fig. 1. 


GEOLOGY. 

The geologic formations involved include (1) thin-bedded limestone 
and intercalated shale of Upper Ordovician age, exposed in the gorge-like 
valley near the city of Richmond and for some distance above and below: 
(2) Middle Silurian limestone exposed scarcely at all within the limits 
here referred to, but forming the underlying bed rock in the northern 
(upper) parts of the area studied; (8) glacial drift of Pleistocene age, 
both unassorted (moraines), and assorted (valley trains, outwash plains, 
ete.) ; and (4) deposits of Recent age, mainly alluvial (flood-plains), but 
including also fans, material shifted by sheet wash, accumulations of 
talus, ete. 

Structurally, the bed rock forms a part of the northernmost end of 
the Cincinnati anticline; the strata exposed are, however, practically hori- 
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Fig.1. Outline map of the region studied. Spaces included between dotted lines, or between 
one dotted line and the adjacent stream are approximately the areas within which terraces are found 
that is, a considerable part, though not all, of the included spaces are terraces. 
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zontal within the area observed, clinometer measurements indicating either 
no inclination at all or dips varying in amount up to about 1° in various 
directions, showing that the strata are either horizontal or departing from 
it to a very slight degree in such a way as to form an irregularly warped 
surface. Evidence of continued warping in the same direction of relatively 
recent date, considerable in total amount, yet occasioning dips too slight 
to be measured with a clinometer, will be presented in connection with the 
detailed discussion farther on. 

No great systems of joints have been detected, and no faults except 
exceedingly diminutive ones. 


GEOGRAPHY. 

Whitewater River at Richmond is strictly East Whitewater River, the 
western branch crossing Wayne County near Cambridge City, and finally 
uniting with the eastern branch just below Brookville, in Franklin County, 
to form the Whitewater River proper; but in this paper, for the sake of 
brevity, the stream at Richmond will be referred to as the Whitewater 
River. This (Hast) Whitewater River is formed by the junction of three 
smaller streams just north of the city of Richmond, known as the West, 
the Middle, and the East Forks, respectively, of the Whitewater River. 
For the greater part of their course these three forks flow in valleys which 
are formed for the most part in glacial drift, bed rock being encountered 
at only a few points. Beginning a short distance north of Richmond, how- 
ever, the valleys of these streams have cut into the underlying rock, which 
from this point on forms a large part of the slope of the sides of the val- 
ley ; sometimes being exposed in steep, cliff-like faces, sometimes covered 
with a thin layer of soil, talus, or other rock waste. 

From the vicinity of the junction of the three forks for a distance of 
over two miles southward, the valley is narrow, steep sided, and canyon- 
like, its width at the top being from 600 to 1,000 feet, and its depth 60 
te 80 feet. <A little farther down, the valley is somewhat deeper but pro- 
portionately much wider, with sides which, while still steep, are less 
precipitous, having cliff-like faces at relatively few points, and in genera! 


showing signs of greater topographic age. 


THE TERRACES. 
The region at and near the points of junction of the three forks marks 
the approximate location of a natural division separating the series of 
terraces along the valleys of the three forks above from those along the 
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Fig, 2. Map of the gorge of the East Whitewater River and country adjacent, showing the ap- 
proximate location of two levels of terraces within the gorge, viz: (A) a higher series, shown by 
solid black areas; and (B) a lower series, shown by obliquely-lined areas. 
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single, narrow, gorge-like valley below. The reasons for emphasizing this 
area aS a division point will be clearer when the details of the different 
series are understood; but it may be worth while to note certain general 
differences just here between the terraces and valleys above the area near 
the junction and the corresponding phenomena below. The more obvious 
or the more important differences are: 

1. Different materials; slopes mainly of outcropping bed rock below, 
mainly of glacial drift above. 

2. Different number of terrace levels; four clearly marked below; 
seven above. 

3. Different gradient of terraces; slope being upward in the down- 
stream direction, or nearly horizontal below the junction area; level to a 
gradient about the same as the beds of the streams above the area. 


SUMMARY OF OBSERVATIONS ON TERRACES ABOVE THE GORGE. 


The different terraces along the three forks of the Whitewater can be 
referred to seven different series. For the West Fork these seven series 
are indicated in Fig. 8 by broken lines numbered from (1) to (7) inclusive. 
In nearly every case each series is made up of a number of disconnected 
terrace remnants. The total number of these remnants along the West 
Fork is 51; along Middle Fork, 26; along East Fork, 31; total, 108. From 
this total when deduction is made for terraces counted more than once 
near the junction of the streams, the net total is 103. 

In size these remnants vary greatly. The largest forms the surface on 
which the principal part of West Richmond is built, and contains about 
420 acres; its total length is more than 14 miles, and its width from 4% to 
3 mile. This terrace is a part of the fourth series and has an elevation 
above the stream at its south end of 82 feet; at its north end, of 45 feet. 
At its southern end bed rock is within a few feet of the surface; farther 
north the covering of drift, mostly assorted, becomes thicker. 

At the other extreme of size are the very small patches forming flat- 
topped points or shoulders, in some cases haying areas of only a few square 
feet. These exceedingly small patches, while sometimes of value in the 
field in correlating remnants of terraces, have not, however, been included 
in the count of terrace remnants given above. The smallest area included 
in the numbers as given contains about one-fifth of an acre; the average 
is, however, much larger, being for the 103 areas a little over 20 acres. 
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The gradients of the different series vary in about the same way on 
the three forks, though there is not perfect agreement. The general rela- 
tions are shown by Fig. 3, viz.: 

(1) The recent terraces above the point of junction of the forks 
agree quite closely in gradient with that of the stream to which they 
are adjacent. 

(2) The older terraces have lower gradients than that of the 
adjacent stream. 

One series, the fifth, has a surface almost horizontal so far as the 
West Fork is concerned; but its extent along this fork is limited to about 
three-fourths of a mile. When considered as a part of the corresponding 
series along Middle Fork with a total extent of nearly six miles, it agrees 
in general with the older terraces in having a distinct gradient, but less 
than that of the stream at present. The terrace profiles shown in Fig. 3 
may suggest that the lower and upper parts of the third series do not 
belong together, since the degree of slope is so noticeably different. It 
cannot, of course, be considered as settled beyond question, yet the work 
in the field indicated so strongly that the two portions are part of the 
Same series that the correlation was made as here given. 

In most cases the remnants belonging to a given series are found part 
on one side, part on the other side of the stream. ‘+n only a few cases 
are remnants of the same series found on both sides of the stream at a 
given point. 

-n explanation of the profile of the West Fork it should perhaps be 
remarked that the Falls indicated are due to a diversion of the stream 
from a part of its natural channel for water-power purposes, which has 
forced it to abandon a part of its former course and re-enter its valley 
at a point where the slope is steep and formed of outcropping bed rock. 
The terraces of series (1) and (2) are, therefore, plainly not to be cor- 
related, although the height of (2) above the stream bed above the Falls 
is about the same as that of (1) above the stream bed below. 


. 


TERRACES WITHIN THE GORGE. 


Within the part of the main valley which is canyon-like, extending 
from a little north of the city of Richmond to a point about two miles 
south, are two well marked terrace levels, an upper and a lower, indicated 
in profile on Fig. 3 by (A) and (B) respectively, and shown on Fig. 2 by 
solid black (upper), and obliquely lined (lower), areas. At neither level 
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are the terraces continuous for the whole distance indicated on the pro- 
fiies, but consist of remnants, part on one side, part on the other side of 
the stream. 

At the upper level, there is first a continuous terrace on the west side 
of the stream for about half a mile; next, in the down-stream direction, 
for about 4} mile on the east side; below this for some distance not more 
than a trace on either side, succeeded by nearly continuous terraces on 
both sides for more than 4 mile; again a distance of about 4 mile with 
either no trace remaining or merely shoulder-like projections here and 
there; and finally at the south end of the canyon-like part of the valley, 
a terrace 4 mile in length on the east side, with a remnant only a few 
rods in length on the west side. 

At the lower level the terraces are likewise discontinuous in places 
and found only at times on both sides of the stream at the same point. 

The width of these terraces is, at the maximum, about 60 feet; aver- 
age, perhaps 20 to 30 feet; see Figs. 4 and 5. At both levels the terraces 
are chiefly rock cut, only a small amount of soil, talus, glacial debris, and 
rock waste being found upon their surfaces, and the rock in place rising 
in each case on the side away from the stream sometimes as a steep, wall- 
like slope until, at an elevation above the upper terrace nearly as great 
as the general level of the country, a considerable amount of glacial drift 
is found. 

Perhaps the most interesting and significant feature about these ter- 
races is their gradient as compared with the gradient of the stream, and 
with sea-level as a datum. The terraces of the upper level vary in height 
above the stream from 6 to S feet at the point farthest upstream where 
they are clearly marked, to G4 feet above the stream at the farthest down- 
stream point, a differential elevation of about 57 feet, rising higher and 
higher the farther downstream they are found. This suggested at first 
that there might be an error in correlating the separate remnants as parts 
of the same terrace; but it was observed that in each case where the ter- 
race was continuous for about 4 mile, there was this consistent rise in the 
downstream direction; in one case a rise of about 25 feet in a half-mile’s 
distance: in another case a rise of 11 feet in a little less than 4 mile. The 
shoulder-like points and projections and smaller terrace remnants where 
the terraces are discontinuous, have elevations agreeing closely with the 


general rise of the gradient in the downstream direction. 


Fig 4. View along terrace (B) looking south from a point near the north end. 


Fig. 5. View along terrace (A); looking north from a point about 40 rods north of Test’s bridge. 
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Referred to sea level, the southern or downstream end of the upper 
terrace is about 20 feet higher than the northern, or upstream end. That 
is, in a distance of a little more than two miles the terrace level rises. 
20 feet higher above sea level, while the surface of the water in the stream 
has a fall of about 37 feet in the same distance, making a total differen- 
tial level between the surface of the terrace and the surface of the water 
of about 57 feet. 

The terraces of the lower level are from 25 to 35 feet lower than those 
of the upper level and are found only in the lower portion of the canyon- 
like part of the valley; their width is about the same as that of the upper 
terraces, averaging perhaps 25 or 30 feet, with a maximum of from 50 to 
GO feet. The height of surface of this lower series above the stream also 
increases in the downstream direction, but at a much smaller rate than in 
the case of the upper terraces; in a total distance of about two-thirds of 
a mile the difference in elevation is about 6 feet. The fall of the stream 
is, in the same distance, a little more than 6 feet, which leaves the surface 
of the lower series of terraces with a very slight gradient in the down- 
stream direction, when referred to sea level as datum. 

Considering, then, the upper terrace level, the lower terrace level, and 
the present gradient of the stream in their relations to each other, the 
lower terrace level can be represented by a nearly horizontal line drawn 
a little lower than midway between two other straight lines which diverge 
in the downstream direction; the upper representing the surface of the 


upper terrace level, and the lower the present gradient of the stream. 


CONCLUSIONS. 

The causes which operated to make the conditions resulting in the 
terraces above described may, no doubt, be included for the most part in 
the following: 

1. Variations in the amount of sediment carried by the streams. 
2. Variations in the amount of water carried by the streams. 
3. Variations in gradient due to— 
(a) Diastrophism ; 
(b) Dams of ice and glacial debris more or less complete, 
resulting in ponds, river-lakes, ete. 

While it is not possible to say positively just what share each of these 

causes may have had in the formation of each one of these terraces, the 


following partial explanations seem to be justified : 
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1. Terraces (A) and (B) in the gorge of the Whitewater River 
(mainly below the city of Richmond), were developed by the stream 
at periods, in each case, when its gradient was very much less than 
at present; a gradient sufficiently low to permit it to erode chiefly 
laterally. 

2. In the case of the upper terrace, at least, this period of lateral 
erosion was interrupted by a relative elevation of the land (bed 
rock), which was not uniform, but increased southward from the city 
of Richmond to an undetermined distance. The total amount of the 
movement as indicated by terrace (A), is not less than 10 feet of ele- 
vation per mile in a general southward direction. 

8. Since the terraces along each of the three forks are composed 
very largely of glacial material, it seems probable that temporary 
ponding of waters, and variation in amounts of water and sediment 
present, are largely responsible for their presence and for their rela- 
tive positions. It seems probable also, however, that diastrophic move- 
ments may have had some part in producing the lack of parallelism 
in surface gradient of terraces of the different series. 

The time relations involved can be stated clearly only in part. For 
example, the lowest terraces along the three forks, such as (1) along the 
West Fork, must be of date so recent as to fall within the category of 
present-day formations. Others, such as (A) in the gorge, must evidently 
be considered as belonging to a period sufficiently remote to allow for the 
erosion of a channel in bed rock 600 to 800 feet in width and 64 feet deep. 
Geologically this is still, however, quite recent, and this work may all 
have been accomplished since the final withdrawal of glacial ice from this 
latitude. 


Eartham College, 
Richmond, Indiana. 
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SomE NEGLECTED PRINCIPLES OF PHYSIOGRAPHY. 


A. H. PURDUE. 


All sciences suffer from errors and misconceptions, which have in one 
way and another crept in; and as such are difficult to eliminate. Many are 
passed on from older to younger workers, and are used in both theory and 
practice. Of such in geology are the popular notions of the characteris- 
ties of entrenched meanders; the origin of limestone sink-holes; and (in 
the opinion of the writer) of anticlinal valleys, and possibly of some 
transverse drainage. 

The Entrenchéd Meander. It is an accepted principle of physiography 
that after a stream reaches base-level, it begins to meander. Uninter- 
rupted by diastrophic movement, the meandering continues until the region 
on either side has been reduced to a plain, the width of which depends 
upon the size and strength of the stream. If such a region be elevated, 
the stream, from renewed vigor, will resume the downward cutting of its 
bed, producing a new (entrenched or incised) valley within the old one. 
Thus far, the popular notion of the entrenched meander can be accepted 
without question; but it is also the popular though erroneous notion that 
the new valley occupies the bed of the old one, and is V-shaped. 

While it appears that some rejuvenated streams do have V-shaped val- 
leys, such are rare. The rule is that the valleys of such streams are un- 
symmetrical. The slopes above the insides of the curves are of compara- 
tively low gradient, while those on the outside are steep. This may be 
seen by inspecting almost any good topographical map of an area with 
rejuvenated streams. The explanation is simple. In an old stream, the 
downward cutting is little or nothing, while the lateral cutting on the 
outside of the bends may be relatively great. In rejuvenated streams, the 
downward cutting is resumed, but the lateral cutting does not cease. On 
the contrary, it becomes more rapid, because the impingement upon the 
banks is greater than before. The resulting topography is shown in Fig. 
1, A and B. As all bends become greater, the rejuvenated stream is more 
crooked than when in its previous stage of old age, which of course means 
that it has shifted from its old bed, 
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Just why some V-shaped valleys occur in older, wide, flat ones is not 
clear to the writer. Whether the inner gorge of the Grand Canyon is the 
result of rejuvenation or not, there has been little lateral erosion accom- 
panying the great vertical cutting. Whether lateral cutting takes place or 
not, may depend upon the acceleration of the stream’s force, which in 
turn would depend upon the rate and amount of elevation; or, it may de- 
pend upon the character and structure of the rocks. Unmetamorphosed, 
horizontal rocks of alternating hard and soft beds would favor lateral 
erosion, while metamorphosed crumpled beds, such as occur in the inner 
gorge of the Grand Canyon, probably would retard it. 

Limestone Sink-holes. 'CThe common notion, and the teaching of most 
text-books, that limestone sink-holes are formed by the collapsing of the 
roofs of caves, is erroneous. That some sink-holes have had such origin 
doubtless is true, but they are the rare exception. Most of them are the 
result of solution by descending groundwater. As this has been discussed 
somewhat at length elsewhere, it will be only mentioned here. 

Anticlinal Valleys. The common explanation of anticlinal valleys is 
that streams have gradually shifted from synclines to anticlines, the shift- 
ing having been invited by the excessive fracturing of the latter over the 
former. The writer believes that most anticlinal valleys have had a differ- 
ent history. It will be conceded that most folds had their inception while 
yet submerged. This granted, the first part of the folds to appear at sea 
level were the crests of the anticlines. Except at considerable depths, all 
the sedimentary material but that of calcareous nature was in the incoher- 
ent state at the time of elevation, and consequently was easily eroded. As 
soon as the anticlinal crests came within the effective force of the waves, 
they were thereby truncated. The rate of rise was greater than we are 
accustomed to admit, if the truncation did not for a long time equal the 
elevation. As the truncated material was shifted to the synclinal troughs, 
the whole process was a leveling one. It is not unreasonable to suppose 
that many folded areas emerged as practically level plains, and that streams 
were at least as free to flow along anticlines as synclines. 

In those cases where the rise of any anticlines was rapid enough to 
overtake the erosive action of the waves, that action was still effective on 
the sides of the resulting islands. Added to this, was the work of the 
subaerial agencies. On the whole, the direction of the resulting small 


1A. H. Purdue, Science, Vol. XXVI, p. 120. 
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streams was transverse to the anticlines. The anticlines did not every- 
where emerge at a uniform rate, but appeared as rows of islands over 
each of which streams flowed radially. Consequently, some of the streams 
were, from the start, longitudinal to the direction of the anticlines, and 
others nearly so. 

If at this stage the streams were still on incoherent material, the 
longitudinal ones had no particular advantage over the transverse ones; 
but if the indurated or partly indurated material had been reached, they 
had the special advantage of being able easily to seek out the soft beds 
and follow their strike. In the meantime, the material lapped off the 
sides by the waves and that washed into the sea by the streams was still 
filling up the adjacent synclines. 

During the elevation, the synclines were occupied first by lagoons of 
salt, then brackish, and after complete emergence by those of fresh water. 
Even during the last stage they continued to be lines of deposition until 
the lagoons dwindled into lakelets and finally disappeared. Meanwhile, 
the anticlines were lines of degradation, and it is not improbable that as 
many synclinal lakelets were drained into streams that followed anticlines 
as into those that followed synclines; and it seems not unreasonable to 
suppose that in the course of stream adjustment, as many have shifted 
from anticlines to synclines as from synclines to anticlines, if, indeed, the 
former has not been the rule. 

Major Streams Transverse to Folds. Folds are parallel to the old 
iand areas from which the clastic material of their rocks was derived. 
In the addition of new land areas to old, the growth was often exogeneous. 
If a newly added area was folded, and the folds were leveled as above 
supposed, the streams from the old land gradually extended themselves 
over the new and in general were at right angles to the folds. As the 
clastic sediments were yet incoherent and nonresistant, it seems probable 
that many streams so thoroughly established themselves across the folds 
as to maintain this course as the elevation continued and after the in- 
durated rocks were reached. May it not be that this has been the history 
of some of our transverse drainage? This conception, while closely re- 
lated to that of antecedent streams, is different because it contemplates 
folding that antedates the streams, while the latter contemplates a well 
established stream before folding takes place. 
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In cases where anticlinoria emerged, not contiguous to existing land 
areas, it seems wholly within the probabilities that many of the transverse 
streams assumed and maintained their courses across the minor folds of 
the limbs. It has occurred to the writer that possibly this has been the 
history of some of the numerous transverse streams in the Ouachita area 


of Arkansas. 
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CONSERVATION OF THE Soi IN DEARBORN COUNTY. 


A. J. BIGNEY. 


Since Theodore Roosevelt called the Governors of the several States 
together to consider the preservation of our forests and other natural 
resources, the word “conservation” has had a new meaning, not a differ 
ent meaning, but an intensified meaning. <A general awakening is occur- 
ring along many lines that were very remote from that considered by the 
council of the Governors. The recent congress in our own State called by 
Governor Marshall exhibited the range of the use of the term. 

Since boyhood I have been observing the wasting of the land in my 
native county, Dearborn. The developing of the interest in these lines has 
stimulated me to more serious thought and has kindled a desire to be of 
some service in helping in the conservation of the soil in my own county. 
I believe that every member of the Academy should make himself felt in 
his own locality at least. The ear of the average citizen is open to the 
scientific man as never before, for his work is seen on every hand. 

Dearborn County is drained by the tributaries of the Ohio River. On 
the south the Laughery Creek forms the boundary and drains that part. 
It empties into the Ohio River two and one-half miles south of Aurora. 
About six miles to the north and running nearly parallel with Laughery 
Creek is South Hogan, which empties into the Ohio at Aurora. The B. 
& O. S. W. follows it to Aurora. Between these creeks is a ridge of good 
farming land. Flowing from this ridge toward either stream are numer- 
ous branches. About eight miles further north, measuring on the west 
side of the county, is North Hogan, which joins South Hogan at Aurora. 
About the same distance to the north is Tanner’s Creek. The Big Four 
follows it much of the way to Lawrenceburg. The northeastern part of 
the county is drained by the Great Miami River, the main Indiana branch 
being the Whitewater. With so many streams of various sizes it is plain 
to see the county is very hilly, no part of the county has much level land. 

Twenty-five years ago most of the hilly land was heavily timbered. 
Since then, however, the greater part has been removed and the land put 
under cultivation. 
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This is where the most serious mistakes have been made. Year after 
year the hills were planted in corn, barley or wheat. The ground was 
thereby kept loose and the rains eroded it and transported this rich soil 
to the valleys below, thus enriching them. As the forests were cleared 
away the erosion increased until at the present time the rich black soil 
is largely removed from the hills and the clay beneath it is now being 
eroded very rapidly and this new soil is being transported to the bot- 
tom Jand and deposited upon the rich soil previously deposited. This 
not being mixed with humus is not very productive. This is seen on the 
large bottoms of the Ohio and Great Miami. Twenty-five years ago those 
alluvial plains produced corn in an extraordinary way, but today their 
productiveness has greatly decreased. . 

It is plain to see that the farmers on both the hill lands and also the 
bottoms have suffered great losses on account of this unfortunate method 
of procedure. Many of the landowners have seen the error of their way 
and are changing their method of farming. Alfalfa is now being sowed, 
and this is protecting the land and at the same time is rendering large 
profit. Others are sowing to blue grass and using the land for pasture— 
another wise and productive plan. Still others are setting out locust plants 
and in this way they are protecting the land and providing for the future 
realization of profit. Much of the waste land in the county could very 
profitably be used in this way. Others are clearing away the little timber 
that remains and planting this to tobacco year after year, and in this way 
the wasting of the land continues. 

A large per cent. of the farmers have never realized the real value 
of their land. They have so much of it that it makes very little difference 
te them even if some of it is going to waste. The time is coming when 
this county will be more densely populated, and some one will be com- 
pelled to reclaim this waste land. Many are so selfish that they do not 
eare; but is this a sensible way in which to act? 

The greater number of the landowners do not consider how important 
the soil is. They fail to realize that mankind must look to it as the source 
of sustenance. 

If we could look into the future more and try to see the coming needs 
it would be better for the present as well as the future generations. 


Moores Hill, 
Indiana. 


Tae Errect oF DEFORESTATION UPON THE WATER LEVEL OF 
MontTGoMery County. 


H. L. Barr. 


HISTORICAL. 


The relation of the forest to many problems of vital interest to the 
welfare and prosperity of the people is becoming more apparent. Until 
cemparatively recent times the far reaching influence of the forest has not 
been seriously considered, but the gradual disappearance of our vast areas 
of forest cover and the simultaneous appearance of certain phenomena 
that are, in the popular mind, probably incorrectly in many cases, ascribed 
to the cutting off of the forests, has stimulated interest and study along 
these lines. Huropean countries were the first to recognize the importance 
of these questions and have consequently taken the lead in matters that 
have to do with their study or solution. Our own vast forests, with their 
seemingly inexhaustible supply of timber, have, until recently, blinded us 
to the facts and lessons which other nations have begun to learn. 

One of the far-reaching aspects of forest influence is its relation to 
the ground water level. Influenced by public men, the press, private preju- 
dices, etc., the public is divided on the question, the partisans of one side 
asserting that forests have a beneficial effect upon the water level, the 
others that they do not. Scientists are not agreed upon the subject, and 
many observations and experiments have been made which give conflicting 
results. The greatest faults have been that the areas under consideration 
have been too large for careful study, preventing definite conclusions. 
Really simple and trustworthy data in sufficiently comprehensive quantity 
has not been secured. We have deemed it possible that some definite con- 
clusions might be reached by obtaining from a small area all statistics 
and data available regarding the past and present water level, also the 
forest, swamp, and drainage conditions. This paper has been undertaken 
to show the effects of deforestation upon the water level in Montgomery 
County, Indiana. 
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SouRCE AND DISPOSITION OF WATER. 


Source.—It is deemed advisable to consider first the geological condi- 
tions which govern ground water. All terrestrial water is drawn primar- 
ily from the ocean, from whence it is taken by evaporation and carried by 
winds to be deposited upon the surface of the ground, principally as rain 
but partially as snow, mist, fog, or dew. There can be no other source of 
ground water available to man in any portion of the globe, with the prob- 
able exception of the special cases in which sea water penetrates through 
the pores of the rocks for a considerable distance inland in coral and other 
islands of a porous material. 

Evaporation.—The rainfall is disposed of in a variety of ways. <A 
great portion of it is returned to the atmosphere in the form of vapor by 
evaporation. This may be made to include the great amounts given off 
by vegetation in transpiration. A small portion of water is used in supply- 
ing the organic needs of the plants. The proportion that evaporates from 
the surface of the soil varies greatly under different conditions. Winds, 
a warm temperature, sunshine, etc., are very conducive to evaporation. 
The character of the soil and soil covering also has a great influence upon 
the amount of water returned to the air, a mulch of any character reduc- 
ing the same. 

Run-off—Another portion of the water which falls upon the earth is 
known as run-off. This may be divided into two classes: surface run-off 
and seepage run-off. That portion of the precipitation which flows over the 
surface of the ground into streams and rivers without gaining access to 
the soil is known as surface or superficial run-off. By seepage run-off is 
meant that portion of the rainfall which sinks into the earth but which 
later reappears on lower levels as springs, seeps, etc., and joins the surface 
run-off. Another portion of the water is known as deep-seepage, and this 
sinks into the soil to such depths that it does not later reappear on the 


drainage basin. 


UNDERGROUND WATER. 

The amount of water which enters the soil, rocks, and other materials, 
varies greatly with the nature of the materials, the porous mediums ab- 
sorbing the most water. The porosity of a soil or rock is determined by 
the fractional part of it which is occupied by the open spaces. 

In Drift—Drift is a heterogenous mixture of clay, sand, gravel, and 
boulders left by glaciers. It varies from very porous to impervious, ac 
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cording to the relative amounts of sand and clay. Water is also found in 
this in more or less tubular channels a few inches in diameter as well as 
in the interstices between the particles. Sands and gravels are very por- 
ous, the water sinking into beds of such material and the whole mass being 
saturated with water below the water level. Clay is very impervious to 
water. 

In Rock.—Water found in the pores of rocks is given up reedily only 
in the coarser rocks such as sandstones. The waters found in finer grained 
recks are generally from joint, fault, or foliation planes. In limestone the 
water occurs mainly in channels and caverns which have been dissolved 
out or eroded by water. The amount of absorbtion also depends upon the 
inclination of the porous beds, the gently inclined ones absorbing more 
than the steeper ones. 

Water-table—-As the water passes down through the ground it soon 
reaches a level at which the soil is completely saturated. The surface of 
this saturated zone is known as the water level or water-table. Above 
this plane the soil contains a large percentage of moisture which is a most 
important factor of plant and animal life, but only the water beneath this 
is generally included in the term underground water. The water-table in 
general follows the contours of the overlying soil, but the angles and slopes 
are much less abrupt than the surface of the land. The depth of the 
water-table below the surface of the ground varies greatly in different 
localities. In regions of abundant rainfall it is generally within a few 
feet of the surface, while in arid countries it may be hundreds of feet 
below. Moreover, the water level of any locality is subject to changes 
because of seasonal variations of rains and drouth. Underground water. 
besides being drawn up as soil moisture by cGapillarity, also creeps later- 
ally, its direction and rapidity of flowing depending upon the porosity of 
the soil and rock through which it passes. 


FORESTS AND WATER LEVEL. 

Regarding the effects of forests upon water level, it is evident from the 
above considerations that any factors which tend to increase the condi- 
tions that make it possible for a larger per cent. of the precipitated water 
to enter the soil, will aid in raising the water level of the region on which 
the rainfall occurs, and any agent which tends to increase evaporation. 
surface run-off, etc., will help to lower it. Let us now consider the im- 
portance of the forest as a factor in both of these conditions. 
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RAINFALL. 

The water level of a region is necessarily affected by the amount of 
precipitation which falls upon its soil. It cannot be said, however, that 
forests have any great influence upon the rainfall of a country. This 
question has long been debated but no conclusion, backed by convincing 
proofs of scientific exactness, has been reached. It is true that rainfall 
is most abundant where forests grow, but it is more reasonable to believe 
that rainfall controls the density and distribution of the forests rather 
than that forests are great factors in determining the amount of rainfall. 
Precipitation takes place whenever the air is suddenly cooled below the 
dew point. Forest air is cooler and contains a relatively greater amount 
of moisture than air in the open, and for this reason it is fair to infer 
that forests may have at least some effect in increasing local precipita- 
tion. The trees also have a mechanical effect in retarding a vapor laden 
wind, which condition may be conducive to the precipitation of moisture. 
On the other hand, the following quotation from Blanford (3) shows the 
opinion that meteorologists are adopting. ‘As a result of a long study of 
rainfall in India, and perhaps no country affords greater advantages for 
the purpose, I have become convinced that dynamic cooling, if not the 
sole cause of rain, is at all events the only cause of any importance, and 
that all the other causes so frequently appealed to in popular literature 
on the subject, such as the intermingling of warm and cold air, contact 
with cold mountain slopes, etc., are either inoperative or relatively insig- 
nificant.” 

Many experiments and observations made in Europe and elsewhere 
show an excess of rainfall in forested areas over that of open ‘countries. 
Some of these excesses were so small, however, that they might have been 
due to errors in rain gauges and other extraneous conditions which affect 
them. In Prussia the following records have been gathered from the ordi- 
nary meteorological stations showing the excess of rainfall in forest sta- 
tions over those in the open regions. 

Between sea level and 328 feet elevation, 1.25 per cent. 

Between 328 and 556 feet elevation, 14.2 per cent. 

Between 1,967 and 2,297 feet elevation, 19 per cent. 

Between 2,297 and 2,625 feet elevation, 43 per cent. 

These figures seem to show that forests have very little effect on rain- 
fall in the plains, but that their influence becomes greater with increasing 
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elevation. In studies made by Schubert (81) in Silesia a few years ago, 
the experiments indicated that the rainfall varies with forest cover and 
altitude as 529+0.78 p.+0.57 a, that is, precipitation varies above a con- 
stant amount by 0.78 mm. for each per cent. of the surface of the country 
under forest cover and 0.57 mm. for each meter in altitude. It is further 
stated that beyond about 50 per cent. of the total forest area, forest cover 
seems to have little additional influence upon rainfall, so that in Silesia, 
which has about 660 mm. rainfall and 29 per cent. forest cover, complete 
deforestation would reduce this amount only 5 per cent., and 20- to 80 per 
cent. additional forest cover would increase it but by 1 per cent. Schu- 
bert (82) has also presented data for the provinces of West Prussia and 
Tl’osen and this data corresponds closely with that compiled in Liberia and 
Sweden. “Correlating these three series of data it may be stated gener- 
ally that at altitudes under 500 meters an elevation of 100 meters increases 
the rainfall by 8-12 per cent.—the higher figure for the drier region— 
while in a country averaging 15-25 per cent. forest an increase of 10 per 
cent. in the forested area gives a corresponding increase of 1—2 per cent. in 
rainfall.” Near Nancy, France, observations were made for seven years 
in two stations, one in a forest and the other in an almost woodless country. 
The results were as follows: 


Excess in Forest. 


Heb ruaryacor Ap vill. 2s sts tpe esatsveusheyeleleisters laehexcllole 7 per cent. 
NT ae COV easnigS cesses to eeicie ws ITA ed ad ere 13 per cent. 
ANI UIS TAL Os O CLOUCI e aucectonhs CLS chee een ereroeys-s 23 per cent. 
November tO) JamWawryseys ays acre lye Peis sieeve 21 per cent. 
IMG amy, Of¢ AVC AME 2 oeeiss uatatel su sneeayensys Sahoo oucustehe ceepnts 16 per cent. 


This shows an increase of 16 per cent. at the forest station. Even 
this, however, cannot be taken as entirely conclusive proof because other 
factors may have helped to produce the difference. Willis L. Moore, Chief 
of the U. S. Weather Bureau, says: “The records of precipitation of the 
United States Weather Bureau do not show that there has been any ap- 
preciable permanent decrease in the rainfall of any section of the United 
States.” It should be said of the statement of Moore’s that this conclu- 
sion was given in a paper prepared to prove that the removal of the for- 
ests has not influenced the erosion of the surface of the ground or the 
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water level of the streams. But his report has been shown to be so ful: 
of glaring inaccuracies and misstatements that its conclusions are almost 
wholly discredited by scientific men. (12), (29), and (3%.) 

Other literature, much of which has contributed nothing new to the 
subject, has been gone over and after considering all the facts it may be 
safely said that the weight of evidence seems to show that forests do in- 
crease precipitation, at least to a small extent. 


EVAPORATION. 

Under the best of conditions much of the precipitated water is lost 
by evaporation. The proportion evaporated varies greatly in different parts 
of the world and under different conditions of season and soil. It de 
pends principally on the temperature, the wind, and the amount of moist- 
ure already in the air. That the forest retards evaporation cannot be 
denied. The shade which it affords the soil and its relatively cooler tem- 
perature in summer retards evaporation to a great extent. The greater 
amount of moisture in the atmosphere of the forest is another factor which 
reduces evaporation. Winds are checked by the forest and their power 
to take up moisture limited. The wind and sun in winter evaporate a 
great portion of the snowfall. In the San Bernardino Mountains, snow- 
falls a foot in depth are frequently evaporated in two or three days with- 
out even moistening the soil. The forest aids in reducing this loss in so 
far that it furnishes shade and checks the wind. Experiments in Ger- 
many have proved that evaporation under trees is about one-half of that 
in the open and show a saving of 21 per cent. of the precipitation by the 
woods. The evaporation and saving by the forest were both greatest in 
May and June. It was also found that deciduous trees when in leaf re- 
tarded evaporation more than the evergreens and that evaporation under 
young trees was only 20 per cent. less than in the open. Following is 
data from a series of investigations by Dr. Ebermayer and by German in- 
vestigators : 
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EVAPORATION IN WOODS IN PER CENT. OF EVAPORATION IN THE OPEN. 


Dr. EBERMAYER’S RESULTS. | GERMAN OBSERVATIONS. 
Water Surface. Bare Soil. Soil Under Water Surface. 
| 4 
' Bere Rain- Rain- 
Litter and falpecl | fall 
| Open. | Woods.) Open. | Woods. Within gad | Open. | Woods. ‘ 
| | Forest. | | | 
| 
1 1 45 | 1.15 64 Py 1.75 aa WiW WsbUtb 4,37 
Wii oe 1 43 91 son 16 68 1 | 47 1.35 
June 1 56 1.07 -38 .14 1.46 1 | 41 1.91 
July “ 1 35 89 34 .12 1.02 1 | 38 2.33 
re 34 87 36 A 1.00 1 | 36 | 1.98 
September....... 1 30 92 .39 si lil .59 1 35 2.54 
@etober!?......-. 1 41 1.26 44 .18 3.45 Le 37 8.49 
| 
May-September..| 1 ig) |) S93" | 35 13 95 1 | 39 | 2 02 


The difference in instruments used by Dr. Ebermayer or their exposure 
is probably the cause of the relatively slight differences in the results. 
One of the most striking features of the table is the retarding effect that 
forest litter is seen to have upon the soil beneath. About seven-eighths 
of the loss of water by evaporation is cut off by the forest and litter. The 
stations of Prussia allow the following average for evaporation, the amount 


evaporated in the open field being called 100: 


Retained 

\ More Than n 

I-vaporated. | Open Fal’ow 
Field. 

Per Cent. 

Wnder beech prowth.. ...........--.-- - 40 4 59 6 
Wudemspruee prowth..<.....¢0..:<0.- 5-00: . Sas 45.3 54.7 
itiiaiderpine orOwuly. «tere, ae ie seeree ta tanae ieee i: See 41.8 58.2 
Hrommcnltivated eld... jasc. ccec cc sae nee vne sai 90.3 9.7 


Other data from Prussia are also given which show that greater 
amounts are lost by exaporation in the open than in the forest. Investi- 
gations by Shimek (54) in western and northwestern Iowa show that 
evaporation is much greater on prairie surfaces than in adjacent forests. 
It must therefore be admitted that wastefulness by evaporation from the 
ground is reduced by forest cover. 
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TRANSPIRATION. 

Great amounts of water are returned to the air through evaporation 
from leaves and stems of plants. This is known as transpiration. Careful 
experiments and estimates have shown that plants differ widely as to the 
amounts transpired and that conditions such as wind, the amount of 
humidity, sunlight, ete., affect this to a great extent. An oak tree, with 
seven hundred thousand leaves, will transpire one hundred and eighty 
gallons of water per day. Von Héhnel estimates that a beech will trans- 
pire about two thousand two hundred and fifty gallons of water in one 
summer. Schleider believed that a forest transpired three times as 
inuch water as would be evaporated from a water surface equal in extent 
to the territory covered by the forest. Schiibler considered it only one- 
fourth as much, and Pfeff, who studied only one oak, found it to 
vary from 0.87 to 1.50. Hartig believed the transpiration from a forest 
less than the evaporation from bare soil of equal extent. Schtibler found 
that a forest transpired .06 as much as evaporated from bare soil and 
from sod three to five times as much. Investigations by Wollny show 
that agricultural crops and forms of low vegetation, such as weeds. 
transpire greater amounts than do forests. Risler, after a long series of 
experiments, concludes that forests take up less than one-half as much 
water from the soil as the average agricultural crop. Some investigators 
elaim that the ground water level of a forest is lower than that in the 
open, and that this is caused by excessive transpiration. Others draw 
opposite conclusions. On the whole, however, it may be said that the 
forest, at least, transpires no more water than does any other ordinary 
form of vegetation. 


FORESTS AND RUN-OFF. 

It is generally believed that forests are great regulators of run-off, 
that is, that they increase seepage run-off and decrease surface run-off. 
This is true to such an extent that the government has recently made 
provision for buying certain timber lands with the express purpose of 
protecting the headwaters of several navigable streams. 

Many factors enter into the question such as the slope of the ground, 
the underlying rock, the amount and length of time of precipitation, ete. 
The forest canopy intercepts the raindrops and extends the period of time 
during which the rain reaches the ground. This gives the soil more 
time in which to absorb the precipitation and thus lessens the surface 
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run-off. An added advantage is also obtained m that the force of the 
raindrops is diminished and prevents the soil from becoming hard and 
compact, thus reducing its absorbtive power. It must not be forgotten, 
however, that the branches of the trees catch from S—-10 per cent. of the 
sainfall, and this is, of course, immediately evaporated. 

The character of the soi] has much to do with the distribution of the 
fallen water. Many experiments have been made concerning the con- 
ductivity of certain soils, but as many of these have led to contradictory 
results, no attempt will here be made to discuss them. It is fair to say, 
however, that the forest soil is well adapted to absorb a great deal of 
water. The humus and litter of leaves, limbs, ete., serve to keep the 
scil in a loose, spongy condition, which undoubtedly assures a great ab- 
serbing capacity. The great mass of roots also aids in this and facili- 
tates the passage of the water down through the soil. It may be true, 
however, that after a long continued rain the forest soil will become so 
saturated that the water will run off as freely as from bare soil. The 
forest floor offers many obstructions and obstacles to the water that is 
not immediately absorbed as it runs over the surface of the ground. 
These retard its passage and thus more is taken into the soil. 

In the case of bare land, the water is gathered into little rivulets 
which form larger and larger ones, which flow with constantly increasing 
velocity with the result that very little water gets into the soil. 

Forests also have a great power in conserving snow water. Mattoon 
(21) in Northern Arizona has shown that the forest retains the snow 
later in the spring than does the open parks. The snow melts more 
slowly and more is taken into the earth. A layer of ice which kept 
the water from entering the soil was formed above the soil and under 
the snow in the park, while this was absent in the forest. 

By retaining the rainfall the forest is a benefit in two ways. It tends 
to prevent disastrous and destructive floods, and holds the water until 
long after precipitation and gives it out slowly to streams, springs, etc., 
in times of drouth. Many, however, do not concede the regulating effect 
of the forest and much discussion has arisen concerning the subject. 
Professor Hngler reports that at the Swiss Station experiments made for 
three years show that the springs in times of drouth continued to give 
out water for a longer period in a forested region than in an unforested 


one. Buffault (4) discusses the evidence reported at the Navigation 
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Congress at Milan in which Wolfschiitz of Briinn gave proof to show that 
the efficacy of the forest in retarding water fails in times of long-continued 
‘and extraordinary rain, and Honsell claims that the best wooded basins 
of the Black Forest, Harz, Spessart, etc., contributed most of the water 
of the floods of the Rhine in 1882. Like experiences were reported from 
the watersheds of the Elbe in 1897, of the rivers Enns, Traun and Ybbs in 
1899, and from the densely forested Riesenwald in Silesia in 1888, 1897 
and 1903. Wolfschiits, however, thinks that forests have a limited and 
local influence in certain regions in reducing floods. Lauda, director of 
the Austrian Hydrographic Bureau, comes to the conclusion that weather 
conditions preceding the precipitation has a bearing on forest influences, 
the forest having the greater retentive capacity after a drouth. Ponti, 
an Italian engineer, asserts experiences of increased floods due to de- 
forestation in Sardinia, Sicily, and Campobasso, :nd of the watersheds of 
Adda and Matero. He also finds favorable influences from forest planting 
in several provinces. The Russian, Lokhtine, cites a long series of gen- 
eral experiences and observations from parts of Europe and especially 
from Russia which indicate injurious effects from deforestation. Other 
instances were given which show that the water level is decreasing with 
deforestation. 

After considering these and much additional testimony on the subject, 
one is justified in saying that forests do act as great regulators of rain- 
fall but that their value in this respect is a relative one which is modified 


by many conditions. 


FORESTS AND WATER LEVEL. 

Let us now consider the relation of forests and water level as shown 
by observations and experiments. 

Professor Biihler [see (7)] found a much lower ground water level 
under forest growth than in the meadows. Ototsky in the steppes of 
Russia, where a low rainfall prevails, came to the same conclusion as 
Biihler. Ebermayer and Hartman in Bavaria, however, found no differ- 
ence between the ground water level of forest and field. Otoski states 
that Wollny and King found the ground water level lowered by a forest 
and that this caused its lowering in adjacent open soil. . In a bulletin 
by A. Tolsky and BE. Henry (40) it is shown that observations made inde- 


pendently in France, near Nancy, and those made in the Russian Steppes 
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in 1895 and in the neighborhood of St. Petersburg in 1897 and later, 
all agree in the following, at least as far as Europe is concerned. 

(a) Water level is never higher under a forest cover than under 
bare soil. (b) The surface of ground water is always found farther 
from the surface of the ground under a forest than outside of it, this 
being true for both summer and winter. (¢) Fluctuations in ground water 
are smaller in forests than outside of them. (d) Water level is lower 
in old forests. (e) Depressions of water level is greater in dry climites. 

Wysotski, a Russian, finds that forests lower ground water level and 
also streams in summer time, but that this effect is reduced in moun- 
tainous regions. Buffault (4) in a paper gives the work of others. The 
Russian, Lakhtine, gives the statement of Schreiner and Copeland re- 
garding conditions in Monroe County, Wisconsin, where in severity years 
the forest area was reduced from 83 per cent. to 69 per cent., and the 
effect was noticeable in 1SS7 in a striking manner by low river beds and 
abandonment of mills. Results of a special commission on the Duieper 
and its tributaries show the deforested basin as retaining from 3—20 per 
cent. less water than the forested basins, in proportion to the defcresta- 
tion. In the Soma, a gradual decrease of the average water level has been 
observed from 1888 in proportion to progressive deforestation. Similarly 
on the upper Bielaja at Oufa, where deforestation has been going on from 
1887-1900, the average water level has decreased, while on the lower 
Bielaja at Grouzdecka, where the forest cover has remained undisturbed, 
the water level has remained practically the same. Like observations 
are cited for the Volga basin. Experiences were also given by the depart- 
ment of Aude in 1893. The main river rose fifteen feet. In the two 
branches which passed through a country mostly deforested, great damage 
was done. In another branch which ran through a well forested region, 
little damage resulted. From these evidences, it is seen that although the 
water level under a forest may be lower than in the surrounding land, 
it is evident that deforestation causes a lowering of the ground water 
which is very detrimental to the continued flow of springs, streams and 
wells. 


MONTGOMERY COUNTY. 
We have discussed the general relationship which exists between for- 


ests and water level. We shall now take up our own particular problem 


and consider the effect which deforestation has had in this county. 
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Montgomery County is located in the middle western part of the 
State and contains 504 square miles, or 322,560 acres. The surface is 
somewhat diversified. The western and central part near the principal 
streams is hilly and broken; in the north central it is gently undulating, 
and at the east and southeast flat and level. The northern part of the 
county is, in general, a prairie region, level or gently rolling. The dip 
of the underlying rocks gives direction to the drainage, which is gener- 
ally a little west of southwest. The main stream is Rock River or 
Sugar Creek, which enters south of the northeast corner and traversing 
the central area, passes out six miles north of the west corner of the 
county. Its tributaries from the north are Black and Lye creeks; from 
the south, Offield, Walnut and Indian creeks. The southern and south- 
easterbp parts are drained by Big and Little Raccoon creeks and at the 
southwest by Coal Creek, which flows directly into Rock River. Glaciers 
liave left the bed rock of the county covered with a drift which reaches 
in some places to a depth of 200 feet. In only a few places, mainly along 
streams, does the bed rock outcrop. The average depth of the drift, 


however, is very much less than the figure given above. 


COLLECTION OF DATA. 

In order to discuss this question intelligently, it is evident that one 
must be familiar with not only the past and present history of the 
water level of the county, but also the past and present forest, swamp 
and drainage conditions. To obtain data, trips were made personally to 
the principal towns in the county. Old residents were interviewed as 
to the past condition, and well-drillers and diggers were asked concern- 
ing their observations as to the water level. Stress was laid particularly 
on the history of old dug wells, because in these any fluctuations of 
the water level of the region would be evident. Owners of old wells 
were asked concerning the water level. From men well acquainted in the 
different communities visited, were obtained names of farmers who 
had or who would be most liable to have old dug wells on their farms. 
Letters of expianation and lists of questions were then sent to these 
men. These questions covered points concerning water level as exhibited 
by wells, and forest and drainage conditions, both past and present. They 
were asked to return answers on blanks furnished. One hundred and 
thirty-six Jetters were sent out and forty-two answers were received. 


eight of which contributed nothing to the solution of the problem. 
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PAST AND PRESENT CONDITIONS IN THE COUNTY. 

Forests.—Harly settlers in the county found a vast forest; broken only 
here and there by paths left by cyclones, and by marshy prairies. Their 
way had to be cut with the axe, and, from the first, war was made on the 
tree as an enemy to progress and Civilization. Clearings were made and 
regular logging bees were held where thousands and thousands of trees 
were cut, rolled together, and burned. Great amounts of timber were used 
for cabins, fences, corduroy roads, ete. Practically the entire county was 
covered with this virgin stand of timber. The northern part of the county 
in the neighborhood of New Richmond, Linden, and Kirkpatrick borders 
ch a prairie country which extends northward up into Tippecanoe, but 
even there the forests were in evidence. The soil over the greater portion 
of the county was covered with leaves, underbrush and general litter, under 
which was a thick layer of humus which acted as a reservoir for the rain- 
fall of the region. 

The needs of a growing population and Civilization has increased the 
drain upon our once luxuriant forests until, today, little remains to remind 
us of them. Only here and there are patches of woodland, and these are 
so thin that they cannot be called forests at all. Fields, pastures and bar- 
ren slopes have taken the place of our great stands of timber, and this 
has done much to lessen the efficacy of the soil as a retainer of rainfall. 
The following figures from the report of the statistician show the above 


conditions in the county: 


i [Stet bneece a ey acme ane Based ERE Ree 67,574 acres of timbertand 
SS Dire ort de teers Sake eS ae 62,983 acres of timberland 
HUES Seb iosraneey oes e euohe eyteneie her onas ba cleats saris 69,590 acres of timberland 
SSA easnaveone Pet i ere ia le er dh 69,451 acres of timberland 
USS iste ct ves scterske AF Mi Bente tet ...46,508 acres of timberland 
MSS Ge wtec cron ee RTPA Seles er 44,188 acres of timberland 
OOO rs aewete creccrs aie aie clatete a .,.. 7,184 acres of timberland 


Inaccurate data is responsible for the discrepancies in the early re- 
turns; the later reports are more reliable. 

Streams.—it is evident to any one who has given the matter the 
slightest consideration that the flow of streams in the county is much 
changed. The amount of water carried by the streams is probably no 
less, but the flow is much more irregular, being greater than formerly in 
times of rain and lower in times of drouth. This is yery noticeable jn 
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Sugar Creek. This stream was once much used as a means of transporta- 
tion. In 1824 William Nicholson came from Maysville, Kentucky, to Craw- 
fordsville in a keelboat of ten tons burden, which landed at the mouth of 
Whiitlock’s Spring Branch. Trips were also made between Crawfordsville 
and Terre Haute in flatboats. Only the lightest of canoes can now do so. 
tecords also show that Sugar Creek has furnished the motive power for 
at least nineteen mills situated along its course in Montgomery County. 
Not over three of these mills are now in operation, and these have to de- 
pend upon steam during most of the summer months. It may be that 
other factors, such as competition, have helped to cause their abandonment. 

No accurate information regarding the maximum and minimum flow 
of the stream in different seasons in past years can be obtained, but it is 
the prevailing opinion that floods are now higher and more frequent and 
that the waters are lower during the summer months than formerly. The 
smaller streams of the county have also been affected. One stream near 
New Market has been reported as being dry for half the year, whereas, 
formerly it was never dry. <A stream near Waveland under my own ob- 
servation used to furnish fishing and swimming pools for the boys during 
the summer, but such sports are now rarely possible in this stream. Nu- 
merous other examples of the same nature can be cited. 

This evidence proves that the water escapes from the ground in times 
of rain faster than formerly. From this it is evident that less water is 
held in the soil, thus causing a corresponding decrease in the water level 
of the county. 

Springs.—The early settlers built their cabins where fresh water 
was ensily obtainable. Springs were found on almost any hillside and 
wells were not thought of. Many springs in all parts of the county have 
either dried up or their water flow has been reduced. Several large 
springs just southwest of Crawfordsville have disappeared. Many springs 
have been reported as having failed or decreased in water flow in the 
neighborhoods of Ladoga, New Market, Waynetown, Darlington and else- 
where, all of which show a falling of the water level. 

Welis.—The letters sent out dealt with the water level of old dug 
wells and the forest and drainage conditions in their vicinity. The data 
received was not such that it furnished a very reliable basis for positive 
conclusions and was only useful in connection with other information 
secured in a variety of ways. Jn some cases it must be remembered that 
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geological and geographical conditions would maintain the water level in 
certain small areas irrespective of the changes in soil cover, however 
important these might become. Many cases were cited by residents of 
wells which have failed. Many old wells have been dug deeper in order 
to keep up the flow of water. In many localities well diggers reported 
as having to go deeper for water than they formerly did. The weight 
of evidence shows that the falling of the water level is general in the 
wells all over the county. 

Sicvcamps.—Many places in the county have been wet and swampy. 
Natural ponds of greater or less extent were numerous, some of these 
being ten acres in area. The water level was very near the surface in 
these places. The region around Whitesville was especially very wet, 
water even running into shallow post holes. Such places have now ali 
been drained and the ground water level much lowered. 

Drainage.—A great amount of drainage has been done in the county. 
The county surveyor reports about 200 county ditches, open and large 
tile, with a probable average of two miles in length, which makes a total 
of 400 miles. The county is also well underdrained by many thousand 
rods of private tile ditches under farm lands. Swamps, ponds, wet 
fields, etc., have been drained and much of the water that sinks into the 
soil is quickly carried by ditches to the nearest stream. 

Water-level.—That the water level of the county his lowered certainly 
needs no additional proof. Observant and intelligent men in all parts 
of it have given their opinion that this is undoubtedly so. The lowering 
has been greater in some places than in others. As reported by wells, the 
lowering has been 2-9 feet. 


CAUSES OF THE CHANGE. 


Deforestation—That deforestation has been a great factor in causing 
a lowering of the water level can not be doubted. The cutting off of the 
timber has increased evaporation and surface run-off to such an extent 
as to affect the water table. One man gives the following experience: A 
well was dug on the farm and in ten years it went dry. During that 
time, a large tract of timber was removed from the farm. Another well 
was then dug with the same result in a few years, deforestation also 
haying proceeded during the time. The same occurrence also happened 
again. Of course, it can not be asserted that deforestation was the 
sole cause of the lowering. 
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Drainage.—Drainage is also responsible in a great measure for the 
lower water level. The miles of tile and open ditches, city storm sewers, 
etc., carry a great part of the water to the streams as soon as it falls. 
The water is thus carried away instead of being held to feed the wells, 
springs, etc. Two instances have been given me in which wells went dry 
after sloughs, lower than but near the well, had been drained. 

Greater Amounts Used.—A growing population has increased the 
drain upon the underground water supply. Water is put to more uses than 


formerly and this, no doubt, has its effect upon the water level. 


RELAT. VE IMPORTANCE OF ABOVE FACTORS. 

It was hoped that it would be possible to separate the effects of de- 
forestution and drainage and determine just the part each had played, 
but this can not be done in Montgomery County. My own judgment, based 
on field work and reported data, is that drainage has played as great a 
part in the lowering of the water level as has deforestation. 

The results of this study are not as definite as were at first expected, 
but it is believed that the rather thorough study of such a typical county 
in Indiana is well worth recording, and it is hoped that it may induce 
others to undertake similar surveys in various parts of the State until 
more definite data are discovered upon which to base conclusions that, as 
far as Indiana is concerned, will be sufficiently reliable for real scientific 
work on the problem which depends upon these things. 

This investigation was carried on in the Botanical Laboratory of Wa- 


bash College under the direction of Prof. M. B. Thomas. 
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THe GEOLOGICAL CONDITIONS oF MuniciraAL WATER SUPPLY IN THE 
DrirTLess AREA OF SOUTHERN INDIANA. 


By H. R. CUMINGS. 


I. Introduction. 

Description of the driftless area. 
Character of the rocks and topography. 

II. The Knobstone area. 
Peculiarities of the rock formations. 
Topography and soil. 
Water-bearing qualities. 
Water-producing qualities of the alluvial valleys of the region. 
Climatological data of the driftless area. 
Relation of rainfall to runoff. 
Conditions affecting the impounding of water in the Knobstone 

region. 

Proper construction of dams. 
Indiana University dam. 

Ill. The limestone area. 
Peculiarities of the rock formations. 
Topography and soil. 
Cavernous character of the rocks and development of underground 

drainage. 

Difficulties of impounding water. 
Character of the springs of the region. 
General inadequacy of springs without impounding the water. 
Deep and shallow wells. 
Valley alluvium. 

TV. The Chester-Mansfield area. 
Peculiarities of the rock formations. 
Topography and soil. 
Intermediate character of the region. 
Conditions affecting the impounding of water. 
Wells. 
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V. Relation of forests to water supply in the driftless area. 
Runoff and ground water. 
Erosion. 
Silting of ponds. 

VI. Summary. 


1h 

The problem of municipal water supply involves a large number of 
factors, among which the geological conditions enter with varying im- 
portance, and have received a varying degree of emphasis at the hands 
of water-supply engineers. Some, as for example Vermeule', have been 
inclined to assign to the geological. factors an importance second only 
to that of the fundamental factors of rainfall and run-off. Others, as 
Iiafter*, assign only secondary importance to the geological conditions. 
This difference of opinion is very probably attributable, in some degree, 
at least, to the sort of regions that have fallen most under the study of 
the respective students of these problems. In the glaciated portion of 
the United States, for example, where the geological conditions are apt 
to be measurably uniform over large areas, and where, at all events, the 
country rock is apt to be so deeply buried as to have little effect on the 
character and movements of surface waters, it is altogether likely that 
the geological factors, other than topography, would have received a rela- 
tively small amount of attention. In driftless areas, on the other hand, 
such as the area at present under consideration, the character of the rock 
formations may powerfully affect the case; and as a matter of fact, in this 
region, the geological factors are, next to rainfall, the most important 
factors to be taken into consideration. 

The driftless area of southern Indiana comprises all of the counties 
of Floyd, Harrison, Perry, Crawford, Orange, Lawrence, Spencer and 
Warrick, and portions of the counties of Clark, Washington, Jackson, 
Brown, Monroe, Greene, Martin, Dubois, Pike, Gibson, Vanderburgh and 
Posey. It is a region of varied, but on the whole of rather strongly 
accentuated topography. The eastern portion of this area, the region of 


1Vermeule, C. C., Geological Survey of New Jersey, Report on water-supply. 
Vol. iii of the Final Report of the State Geologist, 1894. 

2 Rafter, G. W., Hydrology of the State of New York, New York State Museum, 
Bull, No. 85, 1905. 


113 


the “IXnobs,” compromising the counties of Floyd, eastern Washington, 
Jackson and Brown, and lapping over into eastern Lawrence and Monroe, 
is a region of mature topography, with deep, steep-sided valleys, very little 
level upland, and broad flat valleys only on the larger streams. To the 
west of this lies the great limestone region (Mississippian limestones) in 
Harrison, western Washington and eastern Orange, central Lawrence and 
Monroe, and northeastern Owen counties. The topography of this region 
is rolling, with deeper valleys on the eastern and western edges only. It 
is the region of caves and sinkholes, and consequently, to a marked de- 
gree, of underground drainage’. It is also the region of chief interest 
in the present connection. 

To the west of the limestone belt lies the region of the Chester 
(Huron) formation and the Mansfield sandstone, which for our present 
purposes may be treated as a unit. Topographically this region bears con- 
siderable resemblance to the region of the “Knobs.” In places it is 
even more rugged, as in Martin and Crawford counties. One important 
point of difference, however, from the standpoint of the water-supply engi- 
neer, is the fact that in this region of the Chester formation, the larger 
streams cut through the shales and sandstones to the limestone beneath, 
while in the region of the “Knobs,” the valley floors are always in the 
same material as their sides. This type of valley in the Chester region 
is well exemplified by Richland Creek, in Monroe and Greene counties, 
and by French Lick Creek in Orange County. 

To the west still of the region of the Chester and Mansfield forma- 
tions, is the region of the Coal Measures, which presents no points of 
special interest to the present discussion. 

Broadly speaking, we may say that the driftless area presents, from 
the standpoint of the water-supply engineer, two main types of geo- 


1For descriptions of the geology, topography and caves of this region see: 
Blatehley, W. S., Indiana Caves and their fauna, 21st Ann. Rept. Indiana Dept. 
Geol. and Nat. Res., 1897, pp. 120-212; Hopkins, T. C., and Siebenthal, C. E., 
The Bedford Odlitic limestone of Indiana, Ibid., pp. 289-427; Newsom, J. F., A geo- 
logic and topographic section across southern Indiana, /bid., 26th Ann. Rept., 1901, 
pp. 227-302; Ashley, G. H., and Kindle, EH. M., The geology of the Lower Car- 
boniferous area, Jbid., 27th Ann. Rept., 1902, pp. 49-122; Shannon, C. W. and 
others, The Indiana Soil Survey, in the 32d to 34th Ann. Repts., Ibid., 1907-10; 
Cumings, E. R., On the weathering of the Subcarboniferous limestones of southern 
Indiana, Proc. Ind. Acad. Sci. for 1905, pp. 85-100; Greene, F. C., Caves and cave 
formations of the Mitchell limestones, Jbid., for 1908, pp. 175-183; Beede, J. W., 
The cycle of subterranean drainage as illustrated in the Bloomington, Indiana, 
quadrangle, Jbid., for 1910, pp. 81-111. 
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logical formation, and a type intermediate between them. One of these 
principal types, the IKnobstone formation, consists of compact, insoluble, 
impervious sandstones and shales; and the other, the Mississippian lime- 
stones, consists of conspicuously fissured and jointed, highly soluble, and 
consequently pervious limestones. It is also apparent that these two prin- 
cipal types of formation present interesting differences of topography, 
which are of importance to the student cf water-supply problems. 


10 


The first of these, the Knobstone formation, consists of a considerabis 
thickness of fine-grained sandstones, with clay cementing material; and 
of sandy shales, becoming more argillaceous toward the base of the 
formation. Both sandstones and shales are impervious to an unusual 
degree. The evidence of this is seen in the general absence of springs 
in the region of the Knobstone formation, in the impossibility of obtaining 
good wells, either deep or shallow in the rock, and in the small dry- 
weather flow of the streams in the area underlain by this rock. An 
indirect evidence of the minute size of the pores of the Knobstone sand- 
stones, is the damage that the rock suffers when exposed to freezing. 
Iixperiment and microscopical examination reveal the same thing. If a 
sample of the rock be tested, it will be found to absorb water rather 
readily, but to transmit it very slowly. As a matter of fact the purely 
eeological evidence already presented, of the imperviousness of the rock, 
is altogether more satisfactory than the experimental evidence mentioned, 
because it deals with the formation in masses commensurate with those 
with which the water-supply engineer has to deal. 

What the Knobstone formation lacks in water-bearing qualities, it 
lore than makes up in its perfection as a substratum for reservoirs and 
ponds. Its qualities in this respect will be brought out in the description 
of a typical water-supply plant—that belonging to Indiana University— 
and need not be further discussed at this point. It is sufficient to say 
here that wherever the conditions are such that an adequate supply of 
pure water can be impounded, the Knobstone formation may be de- 
pended on, with properly constructed works, to hold the water with a 
minimum of leakage, and with perfect security to whatever structures are 
placed upon it. 

The soil cover in the region of the Knobstone is usually rather thin, 
owing to the steepness of the slopes. It is of a sandy character, more 
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er less mixed with clay, and is not in its usual state a fertile soil. As 
a consequence of this last fact, it is apt to be covered with a rather open 
and scanty vegetation. Where under cultivation, unless great care is 
observed, the steeper slopes gully badly’. Where this soil is fairly sandy 
end of some thickness, good well water may be obtained for domestic 
supply. Owing to its usual thinness and indifferent permeability, however, 
it is not a good conserver of the ground-water, and consequently, in com- 
mon with the underlying rock, constitutes a poor reservoir for equalizing 
the flow of streams. 

Some of the larger valleys of the Knobstone region contain consid- 
erable thicknesses of alluvium. Examples of this type of valley are the 
Bean Blossom and Salt Creek in Brown and Monroe counties, and the 
White and Muscatatuck rivers. All of these streams enter the area from 
the glaciated region, and their flood plain deposits are therefore com- 
posite, consisting partly of valley-train material, and partly of silt, 
pebbles and sand washed from the neighboring hills. The nature of 
these valley deposits, so far as concerns their water-bearing qualities, 
lias not yet been investigated in a satisfactory manner. Some evidence 
obtained in the Bean Blossom Valley in the vicinity of Bloomington indi- 
eates that the valley train in that valley is both deep and amply pro- 
vided with pervious water-bearing strata. The evidence referred to is 
the log of a wel! 70 feet deep, drilled about a year ago in the valley near 
Bloomington. This well passed through 10 feet of white sand and 15 
feet of gravel before reaching the depth mentioned. No attempt has 
been made by the owners of the well to ascertain the maximum yield. 

The geological history of Bean Blossom Valley and of other similar 
valleys coming out of the glaciated into the driftless area is such as to 
indicate that these strata of sand and gravel, revealed in the Bloom- 
ington well, are extensive. It is not necessary to enter into the details 
of this subject here. ‘They may be found in the writings of Mr. Leverett? 
otf the U. S. Geological Survey. At least one indication of the immense 
quantities of water that must be carried as underflow by these valleys 
is the fact that the majority of the smaller streams and gulleys that 


emerge upon the sides of the valley do not flow out to the main stream 


1 Shannon, C. W., Indiana soil types, Indiana Dept. Geol. and Nat. Res., 32d 
Ann. Rept., 1908, pp. 99-105. 

* Leverett, Frank. The Mlinois Glacial Lobe, Monog. U. 8. Geological Survey, 
No. XXXVIII, 1899, 
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at all, but deliver their water to the pervious alluvium of the valley, 
and build their transported sediment into alluvial fans. These fans are 
a prime characteristic of the larger valleys of the driftless area. 

In one instance the water-producing qualities of a valley of the 
Ixnobstone region have been carefully investigated by the writer, in con- 
nection with the investigations instituted with a view to obtaining the 
best available water-supply for Indiana University. This is the case 
of the valley of Griffey Creek at a point four miles due north of Bloom- 
ington. The valley at this point is about 1,000 feet wide, and the drainage 
area above the point where the tests were made is about seven square 
miles. The valley receives its water from steep slopes, and is entirely 
cutside of the glaciated region. It contains no glacial drift of any 
sort. At the point named, four holes, about equally spaced across the 
valley, were drilled with an eight-inch soil augur through the alluvium to 
bed rock. The two nearest the west side of the valley reached a coarse 
impure gravel at a depth of eight feet. The two toward the east side of 
the valley passed through eighteen feet of fine silt, and very fine dark 
blue sand, and finally through two feet of coarse gravel to bed rock. All 
of these bores. reached bed rock at a depth of about twenty feet. 

At the second hole from the west side of the valley, a measurement 
of the rate of flow of the ground-water was made in the following man- 
ner: Four drive points were sunk into the gravel beds, so placed that 
one well was up stream and three down stream. The three down- 
stream wells were two feet from each other and each four feet from the 
up-stream well. The middle down-stream well and the up-stream well 
were as nearly as possible in the main axis of the valley. The up-stream 
well was then dosed with fluorescein, and the interval that elapsed before 
the reagent could be detected in the down-stream wells was noted. At 
the end of six hours the fluorescein was first detected in the middle down- 
stream well. It did not appear in the other two down-stream wells. It 
is believed that the fluorescein would not have diffused at a rate that 
would introduce any appreciable error into this computation, and conse- 
quently the rate of flow of the ground-water under this valley may be 
taken as about two-thirds foot per hour, or sixteen feet per day: Near 
this same spot a large test well, five feet in diameter, was sunk to bed 
rock. This well passed through eight feet of fine silt and twelve feet of 
fairly clean gravel. Careful tests of this well made by pumping it out 
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and noting the rate of filling, indicate a capacity of 12,000 gallons per 
day, under a head of fifteen feet, the water-table being depressed five 
feet when the test was made. This is probably about the usual dry 
weather depression. Allowing 50 per cent. interference of wells, this 
yalley should produce 50,000 gallons of water per day during the driest 
year. Such a supply would be sufficient for a town of 1,000 population, 
and would be of first-class quality. 

There are many valleys of this type in the Knobstone region, that 
would be gocd water producers for small towns, or for manufacturing 
piants. The water would be of excellent character and exceptional purity. 
The larger valleys, such as Bean Blossom, should furnish sufficient well- 
water for cities of 10,000 inhabitants or less, or for extensive industrial 
plants. 

The conditions affecting the impounding of water in the Knobstone 
region can not be adequately discussed without introducing certain cli- 
matological data. Since these data will also serve for the limestone 
region, they may properly be discussed in full at this point. 

The following climatological data are obtained principally from the 
publications of the U. S. Weather Bureau. Between the coldest and 
warmest portions of this section of the State there is a difference of 
about 5 degrees in the mean annual temperature. The warmest locali- 
ties are in the Wabash and Ohio valleys, the temperature increasing quite 
regularly from the upper to the lower portion of each valley. The mean 
annual temperature varies from about 52 degrees at the north end of 
the area, to nearly 57 degrees at Evansville. 

The length of the growing season is somewhat greater in the south- 
ern than in the northern portion of the area under consideration. It 
is from two to three weeks longer at the Ohio River than in the northern 
part of Indiana. 

The mean annual precipitation varies from about 40 inches to 55.21 
inches (at Marengo). The maximum precipitation for any one year 
within the area was 97.38 inches at Marengo, in 1890. The maximum 
for any one month is 18.00 inches, also at Marengo, in August, 1888. The 
minimum for one month is a trace in October, 1908, at Mt. Vernon. Pre- 
cipitations of 10 inches or more ‘in one month are not uncommon, 
having been recorded an aggregate of 35 times at the seven stations 
reporting within the area, Ten of these were in the month of March, 
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four each in January, July and August; three in September; and two 
each in February, June and November. Over ten inches have not been 
reported in any of the remaining months. . Six inches or more have been 
reported an aggregate of 233 times at these seven stations. Of these 
18 were in January, 28 in February, 44 in March, 19 in April, 18 in 
May, 25 in June, 14 in July, 17 in August, 8 in September, 8 in October, 
26 in November and 9 in December. Less than 1 inch has been reported 
an aggregate of 120 times at the seven stations. Of these, 6 were in 
January, 14 in February, 4 in March, 4 in April, 3 in May, 1 in June, 11 
in July, 10 in August, 25 in September, 25 in October, 12 in November 
and 5 in December. These statistics by stations are as follows: At 
Bloomington there have been 10 inches or more of rain in one month, 
twice. There have been 6 or more inches 19 times; and less than 1 inch 
11 times (indices, 1-78, 1-S and 1-14)". At Paoli, there have been 
10 or more inches 2 times; 6 or more inches 16 times; and less than 1 
inch 12 times (indices, 1-66, 1-S and 1-11). At Jeffersonville there 
have been 10 or more inches 4 times; 6 or more, 34 times; and less than 
1 inch 22 times (indices, 1-78, 1-9 and 1-14). At Marengo there have 
been 10 or more inches 18 times; 6 or more, 77 times; and less than 1 
inch, 17 times (indices, 1-17, 1-4 and 1-18)*. At Evansville, there have 
been 10 or more inches 6 times; 6 or more inches, 51 times; and 1 inch or 
less 32 times (indices, 1-64, 1-7 and 1-12). At Rome there have been 
10 inches or more, once; 6 inches or more, 8 times; and 1 inch or less, 
5 times (indices, 1-68, 1-8 and 1-13). At Mt. Vernon, there have been 
10 inches or more, 4 times; 6 inches or more, 36 times; and 1 inch or less, 
21 times (indices, 1-66, 1-7 and 1-12). The mean annual precipitation 
for these towns is as follows: Bloomington, 43.43; Paoli, 48.47; Jef- 
fersonville, 42.51; Marengo, 55.21; Evansville, 44.11; Rome, 44.62; Mt. 
Vernon, 42.65. The maximum annual precipitation for these stations is 
as follows: Bloomington, 52.15 (in 1898); Paoli, 55.86 (in 1907); Jef- 
fersonville, 54.16 (in 1898); Marengo, 97.38 (in 1890); Evansville, 70.61 
(in 1882); Rome, 57.12 (in 1905); Mt. Vernon, 57.46 (in 1890). The 

1In order to compare the data of the several stations, it is necessary, since 
the length of record varies notably, to divide the number of times a given pre- 
cipitation is reported at a given station by the total number of monthly reports 


for that station. Thus for Bloomington, where the length of record is 13 years, 
the divisor is 156. Since in each the numerator is made 1, these indices are only 
approximate. 

?The unusual character of the record at Marengo arouses suspicion that some 
mistakes have been made in measuring the precipitation at that station. 
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minimum annual precipitation for these stations is as follows: Bloom- 
ington, 33.14 (in 1901); Paoli, 29.12 (in 1901); Jeffersonville, 30.18 (in 
1904) ; Marengo, 32.37 (in 1901); Evansville, 28.65 (in 1887); Rome, 
35.86 (in 1904); Mt. Vernon, 34.10 (in 1902)... At Indianapolis, which 
has a rainfall record going back without interruption to 1871, a period 
ot forty years, the minimum recorded precipitation for any one year 
is 30.83 inches, in 1901. 

An analysis of these data by seasons is interesting, and for our 
purposes more valuable than ary other. Water-supply engineers are 
agreed on dividing the year into three periods, as follows: (a) The 
storage period, which in this latitude is ordinarily made to include the 
months from December to May, inclusive; (b) the growing period, from 
June to August, inclusive; and (c) the replenishing period, from September 
to November, inclusive. It is a well-known fact that in many years, 
and especially in dry years, the run-off is practically confined to the 
months from December to May, inclusive. It is important to ascertain, 
therefore, what is the minimum expectation of rain in these months. 
From the stations reporting there have been the following low precipita- 
tions during the storage period: Bloomington, 14.35 (Dec., 1895, to May, 
1896) 16.58 (Dec. 1900, to May, 1901); Paoli, 13.03 (Dec. 1900 to 
May, 1901); Jeffersonville, 15.80 (Dec., 1888, to May, 1889), 13.02 (Dec., 
1900, to May, 1901) ; Marengo, 14.58 (Dec., 1900, to May, 1901) ; Evans- 
ville, 11.83 (Dec., 1900, to May, 1901); Mt. Vernon, 12.70 (Dec., 1900, to 
May, 1901). The year 1901 will be remembered as one of the most dis- 
astrously dry seasons on record. It is clear, from the above data, that 
as low as 12 inches of rain may be expected within the area, during the 
storage period. <A deficiency in this period is rarely made up by an 
excess of rainfall in the other periods of the year. In fact, a very 
considerable excess would be necessary to overbalance the effects of a 
deficiency in the winter and spring months. In other words, a relatively 
wet summer, following a dry winter and spring does not necessarily 
mean an ample supply of water for municipal use. During the summer 
months not only is all of the rainfall ordinarily consumed in the growth 
of plants and in other sources of evaporation, but in addition the ground- 
water is more or less extensively drawn upon, leaving a deficiency of 
ground-water at the end of the growing season, that must be made good 


11901, for which one month’s report is lacking, was undoubtedly drier by 
several inches than 1902. 
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by the rains of the fall season (the replenishing period). If, now, there 
is a deficiency of rain in the replenishing season also, a greater or less 
proportion of the rainfall of the winter and spring months must go to 
fill up the ground, and the run-off of this period will be correspondingly 
decreased. The most unfavorable condition, therefore, is a dry fall, 
followed by a dry winter and spring. If, for example, such a fall as 
that of 1908, with as low as 2.2 inches of rain at several of the stations, 
for the three months, September, October and November, should be com- 
bined with such a winter and spring as that of 1900-1901 (a not impos- 
sible contingency), the probable catch of water, on the basis of 50 per 


cent. of the rainfall of the storage period, would be only 5 inches for 
the entire year". 

The available catch of water in a dry season, that is, one of 30 
inches of rainfall, will be a considerably smaller proportion of the rain- 
fall than the catch of a wet season. In the latter case the run-off may 
be from 50 to 60 per cent. of the rainfall, while in a dry season it is 
likely to fall as low, in the region under consideration, as 25 per cent., 
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er even lower. From these data it appears that there will be years 


11It is not deemed necessary to enter here into the technical discussion of the 
relatlon of rainfall to run-off. A very full discussion of these points may be found 
in the works of Vermeule and Rafter, cited above. Ordinarily, in this latitude the 
run-off of the winter and spring months may vary from 50 to 75 per cent. of the 
rainfall. For the remaining months of the year it will vary from 0.0 to 20 per 
cent. of the rainfall. Unfortunately there are no satisfactory run-off data for 
the region. The gagings at Shoals from 1903 to 1906, inclusive, are the only ones 
of a stream lying largely within the region under consideration. These indicate a 
mean annual run-off of 12.53 inches, which is about 30 per cent. of the rainfall of 
the region for the same interval. (The mean annual rainfall for the nearest sta- 
tion, Paoli, for this interval was 42.75 inches.) This interval includes two years 
of less than 40 inches rainfall, namely, 1903, with 35.18 inches, and 1904, with 
39.09 inches. On the Muskingum River in Ohio, a stream lying in a region of 
similar topography and climatic conditions to the catchment of the east fork of 
White River, and like the latter, mostly in the driftless area, the run-off has been 
known to fall as low as 25 per cent. of the rainfall. 

2The run-off formule of Vermeule are of interest in this connection. While 
designed to cover the conditions in New Jersey and southeastern New York, they 
are based on certain general considerations. such for example as mean annual tem- 
perature, ete., which are applicable to other regions as well. Vermeule’s general 
formula is: E=(11+0.29R) M, where E stands for annual evaporation, R for 
rainfall, and M is a factor depending on mean annual temperature. The values 
of M are as follows for the mean annual temperatures noted in the present region: 
52°. 1.14> 53°, 1.18% 54°, 1.22 5.55°,. 1.26; 56°, 1.30; and 57°, 1.34. ‘Thus fons 
mean annual temperature of 52° the evaporation, with a rainfall of 30 inches, 
should be 22.46 inches, and this subtracted from the total rainfall would leave a 
run-off for the year of 7.54 inches. For the higher temperatures the run-off would 
be correspondingly less, and might, according to the formula, fall as low as 2 
inches. It is not probable, however, that it ever does fall as low as the latter 
figure. 
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when we can not safely count on more than about 7.5 inches of run-off, 
at the northern end of the area, and possibly not more than two or three 
inches at the southern end. If several dry years occur in succession, 
as, for example, 1899, 1900 and 1901 at Bloomington, the problem of water- 
supply becomes all the more difficult. 

We are now prepared to return to the conditions affecting the im- 
pounding of water in the region under discussion. That the flow of any 
except the largest streams of the region, such as the White, Blue and Ohio 
rivers, will be insufficient for municipal water-supply, without provision for 
impounding the run-off of the wet season, is a certain inference from 
the data presented above’. It has also been shown that there are no 
springs in the Knobstone area that are of use for other than domestic 
purposes; and in dry seasons it may be said that there is scarcely a 
spring of living water in the entire region. It will be necessary, there- 
fore, for all towns, not located on one or other of the two or three 
largest streams of the area, to build reservoirs and impound water for 
municipal supply, except in those instances, already discussed, where the 
underflow of such valleys as the Bean Blossom, Salt Creek, etc., is 
available. 

It has already been pointed out that for the purposes of impounding 
water the Knobstone formation is almost ideal. This is especially true 
of the upper portion of the formation, known as the Riverside sand- 
stone. The latter, where it has not been exposed to the weather, and 
especially to frost action, is very firm, close-grained, impermeable, insclu- 
ble and strong. Its toughness and resiliency are remarkable. When 
the fresh rock is struck with the pick it is almost impossible to force off 
a clean spall, especially when the rock is wet. The rubber-like toughness 
of the rock causes blow after blow to spend itself with little effect. The 
writer has also noticed this same peculiarity of the rock in blasting. In- 
stead of shattering the rock extensively, the whole charge will often 
enough spit out of the drill hole with little effect, or raise only a few 
fragments of rock in the immediate vicinity of the charge. This difficulty 
in blasting was experienced in the excavation of the cuts on the Illinois 

1During the dry season of 1908, the writer observed the condition of the 
larger streams in the vicinity of Bloomington, drawing their water supply largely 
from the Knobstone region. In the Bean Blossom, the water stood in the deeper 
pools only. One mile from the mouth of this stream, with a drainage area of 


nearly 200 square miles, all of the riffles were dry. That is, all surface flow of the 
stream had completely ceased. The condition of Salt Creek was similar. 
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Central Railway, and again in the excavation for the foundation of the 
Indiana University dam. When, however, the rock is exposed to the 
action of the sun in summer, and of frost in winter, the differential expan- 
sion and contraction in the one case, and the wedging effect of the freezing 
of interstitial water in the other, rapidly reduce the rock to a mass.of 
fragments, which in turn slack down te a sandy soil. For this reason 
the sandstone is of no account as a building stone. The peculiarities of the 
rock, just enumerated, are due in large measure to the fineness of the 
grain, and to the fact that the cementing material is clay, which, when 
moist, gives the rock its unique toughness and impermeability. 

Structurally also this sandstone is extremely favorable as a_sub- 
stratum for dams. It is singularly free from open joints and bedding 
planes. In the case of the University dam, which is 1164 feet long at the 
base and 34 feet high above the rock, there is not a single joint or 
bedding seam in the rock except near the top. The bottom and ends of 
the dam are in perfectly sound and unfissured rock. The thickness of 
weathered rock that it is necessary to remove in order to reach struc- 
turally sound material is usually slight. In the case of the University 
dam again, the maximum depth of excavation into rock was about five 
feet. On the crests of narrow ridges the rock will be found to be 
weathered to a greater depth than the above figure. But under the allu- 
Vium of valleys, and on the sides of steep hills, the depth of weathered 
ond fractured rock should seldom be great’. 

The Riverside sandstone constitutes approximately the upper 100 feet 
of the Knobstone formation. Below this are alternating shales and 
sandstones, with the shale predominating. This shale is sandy or argil- 
Jaceous, and toward the lower part of the formation, as may be seen 
in the quarries of the Lehigh Cement Company, at Brownstown, it 
becomes dark colored and somewhat carbonaceous. When unweathered the 
shale is firm and tough, and shows, on account of its sandy character, 
very little tendency to slip under heavy loading. In the excavation of 
the cuts on the Illinois Central, most of the shale required heavy 


blasting, and like the sandstone, described above, was tough and hard 


1The reason for this is clear enough, when it is remembered that the only 
agents of weathering that materially affect this rock are mechanical, such as 
insolation, frost action, and the wedging action of tree roots; and that unlike the 
limestone, presently to be discussed, it is not at all affected by solution—an agent 
that acts to mnch greater depths, 
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to shoot. Like the sandstones, also, it will not endure frost action and 
insolation. Structurally and texturally it is very impermeable, and ideally 
free from objectionable joints and crevices. Sound rock will usually 
be found fairly near the surface, especially on steep slopes. 

This shale formation is known to geologists as the New Providence 
shale. It is 400 to 500 feet thick. Where, in the eastern portion of the 
Knobstone area the larger streams cut through the New Providence 
shale, they enter the upper portion of the New Albany black shale, 
which is, like the former, a very impervious formation. It is evident, 
therefore, that any part of the Knobstone region will afford satisfactory 
foundations for dams of all sorts. 

The proper type of dam for the Knobstone region will depend, of 
course, on the conditions at the particular site. In the majority of 
cases comparatively narrow, deep, steep-sided valleys will have to be 
dealt with; and this will be so in practically every instance where only a 
few square miles of catchment are needed.t. For this type of valley 
where the breadth of the valley floor is not more than 300 feet, the 
most satisfactory, as well as the cheapest type of dam, is the concrete 
dam, arched up-stream to a radius of 300 feet or more. Such a dam, 
depending to a large degree on its curvature for its stability under water 
pressure, may be built with less material than any other type of safe, 
permanent dam. The construction should be such that the water face 
of the dam is perfectly tight. The balance of the dam may, however, 
be built of rubble concrete (uncoursed stone) i. e., large stone imbedded 
in a mortar of concrete. Some reinforcing steel to assist the structure 
in taking up the strains due to setting of the concrete and to thermal 
readjustments, will tend to prevent cracking. After the pressure of the 
water comes against the dam, there should be no tendency of an arch 
dam to crack. The ends and base of the dam should be mortised into 
the solid, unweathered rock, and every precaution should be observed 
te make these contacts perfectly water-tight. 


1From the rainfall and run-off data given above, it will be seen that it is not 
safe in the present region to allow more than 25 per cent. of the rainfall of a dry 
season as available for impounding. This will approximate 300,000 gallons per 
day from cach square mile of catchment with reservoir capacity sufficient to hold 
the entire run-off of the year. With reservoir capacity sufficient to hold the run- 
off of the three driest years—it is not econemical to increase capacity beyond this 
point—the yield can be increased by about 50 per cent. A very full discussion of 
this subject will be found in the article on Water Supply in the 11th edition of the 
Encyclopedia Britannica, by Mr. G. F. Deacon. This article is a mine of infor- 
mation on most phases of water supply. 
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Barth dams will not ordinarily be feasible in the Knobstone region, 
owing to the general lack of clay of good puddling qualities for the 
core or the dam. In the edge of the limestone region such clay may be 
available, but would in most cases have to be moved down very steep 
slopes at considerable expense. Except on large contracts, where the 
construction of a cable-way would be worth while, the use of clay for 
short dams would probably be more expensive than concrete’. In some 
instances it might be advisable to use earth embankments with a rein- 
forced concrete core, mortised well into the rock, and extending to the 
top of the structure. With this type of construction any sort of material, 
having the requisite stability, could be used for the embankments, since 
the waterproof qualities of the dam would depend entirely on the core. 
Great care is necessary in this type of dam to prevent settling of the 
embankments in such a way as to warp or crack the core. It is best that 
no water should be allowed to come against the dam until thorough 
settling has taken place. For long dams in-the Knobstone region some 
such construction as that just described is almost a necessity.2. It may be 
said finally that timber dams are only makeshifts, and should not be 
tolerated by any community. 

As an example of a successful concrete arch dam in the Knobstone 
region, a brief description may be given at this point of the dam recently 
built by Indiana University. The cross-section of this dam is shown in 
the accompanying figure (Fig. 1), and photographs of the dam and 
pond in Figs. 2, 3 and 4. The length of the dam on the rock substratum 
is 1163 feet, and on the crest 200 feet. The thickness at the base is 
284 feet, and the total height subject to water pressure is 34 feet. The 
maximum height above the valley alluvium is 28 feet. The dam is 
stepped up in ledges on both the up-stream and down-stream faces, and 
the cross-section is such that ample stability is provided, even without any 
arching. The arching (to a radius of 340 feet) gives very greatly in- 
creased stability under water pressure, and vastly decreases the liability 


iAs a matter of fact, nearly all of the bids on earth dams for the University 
were higher than on the type of concrete dam constructed, and to be described 
later. 

2A type of dam, consisting of a thin plate of reinforced concrete, supported 
by buttresses of concrete is described in Buel and IIill’s treatise on reinforced con- 
crete, and has actually been constructed, in a few cases. This type of dam uses a 
minimum of structural material, but demands a considerable outlay for forms. 
It would probably cost about the same as a good rubble concrete dam. 
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to eracking. The dam is mortised into the rock on both bottom and 
ends, and is also anchored to the rock by 1-inch steel bars, grouted into 
the rock and extending well up into the dam. Reinforcing bars of $-inch 
section lap past these and extend to the top of the structure, being 
spaced four feet apart.. The center of the crest and of all ledges is one 
foot lower than the ends, so that the water spills over the middle sec- 
tion of the dam. The pump installation is a triplex Deming pump, driven 
Day Gl Peay VEE 127, (Ori) gasoline engine; and it works against a 220 to 240 
foot static head. The water is pumped one mile to a reinforced concrete 
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Fig.1. Indiana University dam. Cross-section, showing dimensions, and distribution of rein™ 
forcing steel (a, b, c, ete., m-n, s-t, ete.). After a drawing by A. L. Foley. 
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Fig.3. Indiana University water-works dam from above north end, showing arching up-stream. 
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tank of 120,000 gallons capacity, and 100 feet above the University cam- 
pus. The main pipe lines are of 8-inch asphalted cast iron with leaded 
joints, and for the heavy pressure near the pump-house are of double 
strength. For the present consumption of 30,000 gallons per day, a few 
hours’ service every three or four days is all that is required of this 
pump. 

The pond formed by this dam has a water surface of four acres, and 
is deep and narrow. Its estimated capacity is 20,000,000 gallons. The 
area of the catchment is approximately 200 acres, most of which is 
characterized by steep, sparsely wooded slopes. 

The dam was completed in July, 1911, and the pond began to fill in 
September. There was very little run-off, however, till the 15th of Septem- 
ber, when a three-inch rain raised the pond from a nearly empty condition 
to within eight feet of the top of the dam. During the remainder of 
September the pond completely filled, and by the first of October was 
spilling over the crest. The total rainfall of this period was ten inches, 
from the first five inches of which there was no immediate run-off of any 
consequence. In other words, five inches went to replenish the ground- 
water, after the severe drouth of the summer. No leakage has developed 
in any part of the structure of the dam, nor in any part of the contact 
between the dam and the bottcm and sides of the valley. 


1 6) Gi 

The geological conditions ef water supply in the limestone region are 
radically different from those just-.described for the Knobstone area. 

First of all the slopes are much less steep, and the soil is less per- 
meable than in the Knobstone region. The soil is also of greater thick- 
uess and more fertile. Originally the region was heavily forested, and a 
few examples may still be seen of virgin forest, as for example, on the 
University farm at Mitchell. 

The central portion of the region, away from the deep valleys to 
the east and west, is nearly level, and is the area of the Mitchell limestone, 
preéminent as a cave-bearing formation. In this central portion of the 
limestone region, nearly all of the drainage is underground, and springs 
and sinkholes abound’. In many instances the entire headwater portions 

1Jt is the sinkhole region of Newsom, the Mitchell plane of Beede. See New- 
som, J. F., A Geological Section Across Southern Indiana from Hanover to Vin- 
cennes, Froc. Ind. Acad. Sci. for 1897, pp. 250-253; Beede, J. W., The Cycle of 


Subterranean Drainage as illustrated in the Bloomington, Indiana, Quadrangle, 
Proc. Ind. Acad. Sci. for 1910, pp. 81-111. 
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of streams have been taken underground and diverted from their ancient 
channels to new and alien outlets in great springs on the eastern and 
western borders of the areat. 

Remarkable examples of this are to be seen in the underground 
capture of the headwaters of Indian Creek in Monroe County, by Salt and 
Richland creeks. In the case of the famous Lost River, in Orange County, 
some twelve miles of the surface channel have been abandoned in favor 
of a subterranean course. 

The depth to which these underground channels penetrate the rock is 
limited only by the thickness of the limestone formation and its eleva- 
tion above the main lines of drainage?. Near the Ohio River, where the 
main drainage is deeply intrenched into the Mitchell plain, the rock is 
cavernous to a depth of 800 feet®. In the northern portion of the area, 
where the main streams have not cut so deep, and where also the lime- 
stone formations are thinner, the underground openings in the rock do 
not go so deep, but even in this part of the area the limestone may be 
cavernous to depth of more than 100 feet*. 

Nor is the cavernous character of the region confined to the higher 
portions, well above drainage. In all but the deeper valleys, the valley- 
floor itself may be riddled with solution holes and underground channels. 
This is exemplified in the valley of French Lick Creek. The extremely 
free underground communication of the waters underneath this valley 
has been repeatedly proven by the interference of wells in the valley with 
the flow of the mineral springs. The testimony taken in the case of the 
French Lick Springs Co. vs. Howard et al. showed this so conclusively 
that it may not be out of place to review it at this point. 


IBeede, loc. cit. 

“Cumings, On the Weathering of the Subearboniferous Limestones of Southern 
Indiana, Proc. Ind. Acad. Sci. for 1905, pp. 85-100. 

°Greene, Caves and Cave Formations of the Mitchell Limestone, Proc. Ind. 
Acad. Sei. for 1908, p. 106. 

‘Most people do not realize the depth to which limestone formations may be 
affected by solution. In the remarkable treatise by Martel on the cave regions of 
Europe (Les Abimes), there are deseribed many well-like solution holes that go 
almost straight down into the rock to depths of 600 feet or more. Into many of 
these Martel actually descended by means of rope ladders, and explored the caves 
at the bottom. The famous region of the Karst, on the eastern side of the Adri- 
atic, has been literally honeycombed with caves and sinkholes to great depths. <A 
more extraordinary region could scarcely be imagined. The Recca, in Austria, 
flows in a subterranean channel, which is in places more than 1,000 feet beneath 
the surface, 


lia 


At one time and another a number of wells have been sunk in this 
valley at West Baden and French Lick. These wells are the Ritter well 
on the bank of Lost River north of West Baden (38S feet deep); the 
Howard well on the east side of the valley, opposite French Lick (529 
feet deep); the Caves and Wells well (510 feet deep); the two wells of 
the Colonial Hotel Company (each $3 feet deep); and a well near the 
French Lick station, known as Cerberus (465 feet deep). The most 
noted of these, and the most important in the present connection, is the 
titter well. This well had at first a strong artesian flow, that very 
soon affected all the springs of the valley. Those at French Lick, the 
famous Pluto, ete., were the first to be affected, because their outlets 
are highest above that of the well. These springs are a mile and a half 
away from the Ritter well. Later even the springs at West Baden 
ceased to flow. The same result, so far as the French Lick springs were 
concerned, was experienced from the wells near French Lick station 
(later purchased and plugged by the French Lick Springs Company), and 
especially from the wells of Howard and Gagnon. The pumping of these 
latter wells interfered so seriously with the flow of Pluto spring that 
the Springs Company was driven to resort to the courts for relief, and 
succeeded in obtaining an injunction against the pumping and wasting of 
the water. The injunction was granted by the court sitting at Paoli 
and at Salem, and was afterwards confirmed and made permanent by the 
Supreme Court of Indiana. 

It was brought out in the hearing on this case that the pumping of 
the wells of Howard and of Gagnon immediately affected the flow of the 
Pluto spring at French Lick, three-quarters of a mile away, and that as 
soon as the pumping ceased, the spring resumed its flow. This effect was 
noticed repeatedly’. 

Another evidence of the same thing is the frequency of sinkholes 
in the valley flocrs themselves. This is illustrated in many of the valleys 
to the west of Bloomington, as on the headwaters of Richland Creek, 
Blair Hollow, ete. In the excavation for the foundations of the bottling 


works at the French Lick Hotel, cavernous rock was met with under the 


‘The distances of these various wells and springs from Pluto are as follows: 
Pluto to the wells near French Lick depot, 1,500 feet; Pluto to the Gagnon (Colonial 
Springs) wells, 4,000 feet; Pluto to Howard well, 4,000 feet; Pluto to Ritter well. 
8,000 feet; Pluto spring to Bowles spring, 950 feet ; Pluto spring to Pagoda spring 
et West Baden, 5,000 feet; West Baden Hotel to Ritter well, 3,000 feet. 
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Fig. 5. Spillway of the upper pond of Bloominzton water-works, showing joints in the rock. 


Fiz.6. Joints enlarzed by solution. Cut on Illinois Central R. R., Bloomington. 
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valley. In the excavations for the foundation of the second dam of the 
Bloomington water-works, a joint, widely opened by solution, was traced 
down seventeen feet into the rock, without closing up. Some of these 
weathered joints are illustrated in the accompanying photographs (Figs. 
G and 7), and other illustrations may be found in the papers of the 
writer and Dr. Beede, cited above. 


Fig.7. A quarry ace in the Hunter valley region, Bloomington, showing joints widely opened 
by solution. 


The valley sides in the limestone area are apt to be so leaky as to 
render them totally unfit to act as retainers of impounded water. ‘This 
has been very thoroughly demonstrated in the case of the Bloomington 
water-works plant. The original dam at this plant has long been decrepit, 
and the extensive leakage is due to a variety of causes, among which the 
chief is probably faulty construction. A considerable quantity of water, 
however, finds its way into the joints and bedding planes of the rock, under 
the spillway (Fig. 5), and is recovered by the second pond, which is 
immediately below the first. In the case of the second pond, built in 
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1905, the dam was very carefully constructed of good clean clay, with 
a concrete core carried down into the rock far enough to prevent any 
likelihood of leakage through the substratum. As soon as this pond 
filled, nevertheless, severe leaks developed under the spillway, through 
the crevices of the rock, as in the case of the old dam. It is thought that 
some of the water appearing at this leak actually comes from the upper 
(first) pond, making the entire journey through the cavernous rock of 
the valley-side. An attempt was next made to repair this leak by tun- 
neling into the valley side at the spillway. This excavation developed 
the fact that there is a mud-filled seam, extending back into the hill be- 
tween two layers of limestone. This seam was followed back into the hill 
about 40 feet, and as it showed no sign of closing up, the portion excavated 
was filled with concrete, and the attempt at repair was abandoned. It is 
altogether likely that the entire hill is cavernous to an unusual degree, 
and that the only way to render the valley side tight would be to expose 
the rock along this entire side of the pond, and close all of the joints and 
seams with concrete. At the present time the entire water supply of 
Bloomington is pumped from the leak under the spillway of the lower 
pond, and an equal amount is pumped back into the ponds. That is, the 
leakage at present amounts to over a million gallons a day. Both of 
these ponds are located in the Mitchell limestone, the foundation of the 
dam of the lower pond resting on the top of the Odlitic limestone. 
Enough evidence has now been cited to prove beyond any question 
that the general geological conditions in the limestone region are distinctly 
unfavorable to the impounding of water. One corollary to be drawn from 
this fact is that all towns within a reasonable distance (a few miles) of 
the Knobstone area, should utilize the latter for their water-supply sys- 
tems. Where it is necessary to obtain water, if at all, from the limestone 
area, the portions underlain by the Odlitic limestone or the Harrodsburg 
limestone should be utilized in preference to the area underlain by the 
Mitchell limestone, and the Odlitie is to be preferred to the Harrodsburg. 
If it becomes necessary to utilize the Mitchell area, the following facts 
should be noted: First, it will be noticed by any one familiar with the 
Mitchell limestone that there is a layer or bed of rather impervious rock 
about 56 feet above the base of the formation. ‘This layer serves as the 
floor of many of the caves of the region, and is the level at which many 


ef the large springs emerge. Examples of this are the Leonard and Shir- 
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ley springs and the Stone spring (Bleomington water-works) near Bloom- 
ington. In some cases this layer might be made to serve as the substra- 
tum of a pond. Great care would then be necessary to make the sides of 
the pond secure, since they would be in an extremely cavernous part of 
the formation. Second, for ponds to be fed by springs of the type just 
mentioned, the top of the Odlitic limestone can be utilized for the bottom 
of the pond, and here again the sides of the pond must be made secure. 
The second pond of the Bloomington water-works is built on this layer, 
and all of the leakage is through the valley sides, and not through the 
floor of the pond. Where the valley sides are thickly covered with residual 
clay, and this is carefully puddled, ponds at this level should be fairly 
tight. Third, in a few cases the flow of the larger springs of the region, 
or of several springs combined, will be sufficient for small towns, without 
impounding. In: such cases the flow of the springs should be very care- 
fully gaged, through a period of years, before any mcney is spent on works 
to utilize the water. 

In this connection it is proper to speak of the special characteristics 
of the springs of the limestone region, especially since they are usually 
very much overrated, and their nature and cause misunderstood. All of 
the large springs of the limestone region are the outlets of subterranean 
solution channels in the rock, and very often serve also as the mouths 
of well-defined caves. These caves and channels are in turn, as already 
shown, intimately connected with the sinkholes of the region. The sink- 
holes are the main gathering grounds of the waters that emerge at the 
springs. Or, to be more precise, they are the avenues through which the 
water is taken under ground. The sinks, like the caves themselves, are 
largely the work of solution. (See Fig. 8.) Where the sinks are open at 
the bottom, as is usually the case, storm water passes very readily and 
very quickly into the subterranean channels, and as quickly emerges at 
the springs. At such times the spring water is muddy, showing that it 
is merely surface water that has made a journey of greater or less length 
through an underground conduit. It is indeed possible in some cases to 
drop a handkerchief into a sinkhole, and to presently see it emerge at a 
distant spring. Sometimes the journey from the sink to the spring is very 
short, a few rods; at other times it may be many miles. In any case the 
storm water comes to the spring unfiltered. 
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The drainage area of these springs can usually be defined with a fair 
degree of accuracy, and is as important to know as in the case of surface 
water, for it must not be forgotten that the water of these springs is just 
as certainly conditioned by rainfall, as the water of surface streams. The 
criteria of rainfall and run-off, discussed above, apply here with equal 
force, though it is probable that a somewhat larger percentage of the rain- 
fall is available than in the Knobstone region to the east; at least the 
run-off is more regular. 

If the element of catchment area be analyzed, it will be perfectly ap- 
parent why so few of the springs of the region are adequate for municipal 
supply without impounding the wet-weather flow. The great Shirley and 
Leonard springs, near Bloomington, drain an area of about six square 
miles. During the storage season the flow of these springs must be at 
times several million gallons per day. At the end of the dry season of 
1980S the writer estimated their combined flow at less than 100,000 gallons 
per day. At that time the writer gaged the Hottel spring in Bloomington 
and found a flow of 12,000 gallons per day. At the same time also the 
Rogers springs, just east of Bloomington, had a flow of 10,000 gallons per 
day. All of these springs have the local reputation of being very strong 
springs. The Stone spring, at the Bloomington water-works, during the 
same season had an estimated flow of about 20,000 gallons per day. On 
the other hand, Wilson’s spring, on Blue River, is estimated by Tucker’ to 
have a dry-weather flow of nearly 10,000,000 gallons per day. It is said 
to be the largest spring in Indiana. 

Several attempts have been made to obtain water in quantity from 
deep wells in the limestone region. Invariably the water so obtained has 
been mineral water. The wells at French Link and West Baden are 
typical. The writer is unable to state definitely the yield of these wells, 
but from a rather intimate acquaintance with those that are still flowing, 
it would be safe to say that none of them, except the Ritter well, has a 
fiow greater than that of the Pluto spring. The flow of this spring is 
said by Blatchley* to be nearly 26,000 gallons per day. The water con- 
tains about 300 grains of mineral matter per gallon. The flow of the Rit- 
ter well was at first much greater than this, and the water was less 


1 Tucker, W. M., Water Power of Indiana, 35th Ann. Rept. Indiana Dept. Geol. 
and Nat. Res., 1910, pp. 34-87. 

2 Rlatchley. W. S., Mineral Waters of Indiana, 26th Ann. Rept. Indiana Dept. 
Geol. Nat. Res., 1901, p. 102. 
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strongly impregnated with mineral matter, but was nevertheless unfit for 
domestic use. The Nashville well, 500 feet deep, flows about 29,000 gal- 
lons per day, and the water is strongly impregnated with sulphur. The 
White Sulphur well, in Crawford County, flows about 15,000 gallons per 
day. There are many other wells of this type in the region, but even if 
their flow were increased by pumping, none of them have a capacity 
sufficient, to be of any consequence, and, moreover, they are all too strongly 
impregnated with mineral matter to be of use for domestic or municipal 
purposes. They vary in depth from a few hundred feet to 1,000 feet or 
more. 

Attempts have also been made to obtain water from shallow wells in 
the limestone. There are three levels at which water may be expected 
in small quantities in the Mississippian limestones; namely, at the top of 
the Odlitic, at the top of the Harrodsburg limestone, and at the top of the 
IKxnobstone formation. The latter horizon is the most important. The 
writer is familiar with the history of a considerable number of such wells 
in the vicinity of Bloomington, and these are typical of the entire lime- 
stone region. The University has drilled, at one time and another, three 
wells on the campus in the hope of obtaining water for boiler-water. These 
wells vary in depth from 50 to more than 100 feet, and reach the top of 
the Knobstone formation. The city of Bloomington also drilled a well iu 
the dry season of 1908, starting at the top of the Odlitic limestone and 
reaching to the top of the IKnobstone. Private individuals in and about 
Bloomington have drilled a number of wells of a similar sort. None of 
these wells have produced a supply of water sufficient for even a smail 
town, and some of them have been total failures. The reason for these 
failures is not far to seek. First of all the Knobstone formation, an im- 
pervious rock, underlies these limestones at a comparatively slight depth, 
constituting a level beneath which no water can be obtained, except small 
quantities of mineral water, as described above. Second, in the eastern 
part of the area, the extent and thickness of outcrop of the limestone above 
the IKnobstone, are not sufficient to furnish gathering grounds for water 
in quantity, and the limestones are, in addition, very thoroughly drained 
out by the deep ravines that trench the eastern edge of the region. Third, 
in the central part of the area, where the limestones are thicker and more 
extensive, they are also so cavernous that shallow wells are a failure, 


except where they strike the underground streams, and deeper wells pro- 
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duce mineral water. Fourth, in the western edge of the area, where the 
limestone is under cover of the Chester formation, except in the deeper 
valleys, the rock-water is artesian, and more or less highly impregnated 
with mineral salts, as in the case of the water of the French Lick Val- 
ley. In this part of the area mineral water is constantly making its way 
from considerable depths to the surface, along the joints of the soluble 
limestone, and consequently mineral springs abound, and even shallow 
wells produce mineral water. 

Except in the valleys of White, Blue and Ohio rivers, the limestone 
area contains, so far as known, no coarse deposits of alluvium, from which 
water can be obtained, as in the Knobstone region. The larger valleys of 
the area, with the exceptions already mentioned, are of two types. One 
of these is represented by the headwaters of Indian Creek in Monroe 
County, and by Lost River in Orange County, and Indian Creek in Har- 
rison County. These creeks flow in broad shallow valleys on the lime- 
stone upland, and have lost many of their tributaries and much of their 
vater by underground piracy to the deeper valleys on the east and west 
Their floors are leaky, and their deposits of alluvium are thin and very 
fine grained. The other type of valley is exemplified by Richland Creek 
ii Monroe and Greene Counties and by the lower course of Indian Creek 
in Lawrence County, and by French Lick Creek. These valleys are deeply 
intrenched, having cut through the Mansfield and Chester formations into 
the top of the Mitchell limestone. They are broad, conspicuously terraced, 
and have well-developed alluvial deposits; but the character and water- 
bearing qualities of these deposits have not been carefully investigated. 


IV. 

Similar to the Knobstone region in topography, but differing consider- 
ably in type of geological formation, is the area occupied by the Chester 
and Mansfield formations. The Chester (Huron) formation consists of a 
series of limestones, shales and sandstones, varying from place to place in 
the thickness of its members, and in the details of its lithology, but pre- 
senting everywhere the following general sequence, in the ascending order: 
{a) Lower sandstone, 3 to 12 feet thick; (b) Lower limestone, thin-bedded, 
oolitie or lithographic, 2 to 5 feet; (c) Middle sandstone and shale, argil- 
jaceous or arenaceous shale and cross-bedded, soft sandstone, 45 to 62 feet 
thick; (d) Middle limestone, crystalline, generally light colored, occasion- 
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ally odlitic, 6 to 21 feet; (e) Upper sandstone, ferruginous, reddish brown 
to white, laminated sandstone, 40 feet; (f) Upper limestone, grading from 
limestone at the bottom to shale at the top, 25 feet thick.t. The limestones 
of the Chester are not unlike those of the Mitchell and Salem (Oolitic) 
formations. They are usually rather pure carbonate of lime, and hence 
soluble, as in the case of the limestones already discussed. Springs often 
occur at the base of the limestone beds. The sandstones are coarser 
grained than those of the IKnobstone formation, and are cross-bedded and 
pervious, and conspicuously jointed, the joints often being widely opened 
by weathering. Springs occur at the base of the sandstone strata, where 
they rest on shale. The shales of the Chester formation vary from strongly 
bituminous to argillaceous or even arenaceous. The bituminous bands are 
very fine grained and impervious. The argillaceous shales are more per- 
vious and grade into coarse grained pervious sandstones. 

The Mansfield sandstone, forming the basal member of the Coal Meas- 
ures of Indiana, and resting unconformably on the Mississippian forma- 
tions, is a ferruginous, soft cross-bedded, rather coarse grained, some- 
times conglomeratic pervious rock. It varies greatly in thickness. Where 
it is thick, as at Shoals, it produces a rugged topography, with cliffs and 
pinnacles. The deeply weathered joints and honeycombed weathered sur- 
faces give it a very characteristic appearance. Small springs abound in 
the area of the Chester and Mansfield formations. 

The soil of the Chester-Mansfield region varies from red residual clay, 
such as characterizes the limestone region, through sandy clay to almost 
pure yellow sand. In the more rugged portions of the region the soil is 
thin and poor, and the vegetation scanty. Some of the worst gullying 
seen in Indiana is to be found in this area. The rain water runs off very 
rapidly, carrying with it quantities of sediment. Greene and Martin 
Counties afford many excellent examples of this. 

From the standpoint of the water-supply engineer this region is to 
be considered as intermediate in character between the Knobstone regiou 
and the limestone region. It is topographically similar to the former, but 
the greater permeability of the formations, and especially the presence of 
beds of cavernous limestone, and the fact that the deeper valleys are 
floored by the leaky Mitchell limestone, are all characteristics connecting 


1 Greene, FF’. C., The Huron Group in Western Monroe and Eastern Greene 
Counties, Indiana. Proc. Ind. Acad. Sci. for 1910, p. 270. This paper contains 4 
full discussion of the Chester formation of the area under discussion. 
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it with the limestone region. Smaller amounts of water enter the ground 
than in the limestone area, however, owing to the steepness of the slopes, 
especially where these are not under forest. The run-off is concentrated 
more into the winter ard spring months, flood stages are higher, and the 
streams carry a greater amount of sediment than is the case in the lime- 
stone region. 

Furthermore, there are, in contrast with the limestone region, beds 
of impervicus shale in the Chester formation, that where favorably located 
might serve as foundations for dams. It should be noted, however, in this 
connection that these shales are less firm than those of the Knobstone 
formation, and would consequently be less capable of sustaining the weight 
of heavy structures.!. Where the shales and sandstones are underlain by 
thick beds of limestone, they will often be found to have collapsed into 
large solution cavities in the latter, and consequently to present a con- 
fused and broken structure, wholly unfit for the foundation of a dam. 
Numerous examples of this collapse may be seen in the cuts on the Illinois 
Central Railroad near Stanford, Indiana.’ 

Because of their greater permeability the formations of this area will 
also be found to be weathered to a greater depth than those of the Knob- 
stone area. In view of all these facts it will be seen that great care should 
be exercised, and very careful study of the geological conditions should be 
undertaken in every individual case before placing any impounding struc- 
tures upon the rocks of the Chester formation. The Mansfield formation. 
while not as leaky as the limestones of the driftless area, is nevertheless 
not a favorable formation for impounding water, on account of its porosity. 

In regard to deep wells, the Chester-Mansfield area is similar to the 
limestone region to the east. Deep wells ordinarily produce mineral water. 
In the western edge of the area, where the sandstones of the Chester or 
Mansfield are deeply buried, it may be possible to obtain from them water 
uot too highly impregnated with mineral matter for domestic use. The 
writer is not in a position to speak with authority on this point. It is 
quite likely that the upward moving water from the limestones beneath‘ 
would even here cause enough admixture to render the water of the sand- 
stones unfit for use. 

1'The recent failure of the Austin dam in Pennsylvania, was due to the pres- 
ence in the substratum upon which the dam stood, of a bed of soft, slippery shale. 
The dam seems to have slid bedily forward, carrying the rock on which it stood 


with it. Even in this case, however, it is very doubtful if there would have been 
any failure had the dam been arched; as a dam of its length should have been. 


2 See Greene, loc. cit. 
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V. 

Several times in this paper it has been necessary to call attention to 
the forest conditions of the dviftless area. While this subject does not. 
in strictness, come within the view of a geclogist, nevertheless the success 
or failure of a water-supply system, in a region where steep slopes pre- 
ponderate, is so intimately bound up with forest problems, that it may 
not be out of place to devote a little space to the consideration of this 
topic. 

Very little virgin timber is left standing in southern Indiana. Where 
the timber bas not been removed entirely, it has been closely culled, and 
in many instances burned over, so that the stand is often thin and the 
ferest cover poor. The writer has often been struck by the character of 
the woods in Brown County, which gives the impression of being largely 
under forest. And so it is, if one considers merely the area occupied 
mainly by trees; but when one notes carefully the character of the stand, 
one is immediately impressed with the fact that scarcely a tree can be 
found that appears to be over fifty years old, and much of the stand con- 
sists of mere saplings and inferior coppice. Cutting is still going on in 
the whole of the driftless area, and the writer has seen tracts of many 
acres of steep slopes denuded of their trees within the last five years. The 
fate of these slopes, under the type of farming generally practiced in the 
iegion, is pathetic (Fig. 9.). Gullying begins immediately, especially — 
where the soil consists largely of clay, and absorbs the rainwater slowly, 
and in a few years the hillside is a scarred ruin. The regimen of the 
streams is radically changed. Floods increase in frequency and violence. 
Springs that formerly had a steady and abundant flow throughout the 
year, are reduced to dwitidling threads of water throughout the dry sea- 
son. 

From the standpoint of water-supply, one of the most serious of these 
effects is the change of stream regimen. As Glenn’ has pointed out in the 
southern Appalachians, whether or not the total rainfall of a region is 
«ifected by deforestation, it can be demonstrated that the regimen of the 
streams is notably changed. He has shown, and the same thing can be 
shown in southern Indiana, that in regions still under adequate forest 
cover, the streams are clear even at flood stage. He also points out the 


1Glenn, L. C., Denudation and Erosion in the Southern Appalachians. U. S. 
Geol. Sury., Professional Paper No. 72. 1911. 
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very significant fact that the former regimen of a stream is revealed in the 
character of its valley deposits. If a stream has been in the habit of 
depositing only very fine silt, the valley deposits (alluvium) will consist 
of fine material only. On the other hand if the stream has been in the 
habit of depositing coarse material, the valley deposits will reveal this 
fact. If furthermore a stream is now depositing coarse material where it 
formerly deposited only fine material, and if this change has come about 
pari passu with the deforestation of the region, and no other adequate 
cause can be assigned, it is a fair inference that the deforestation of the 
region has changed the regimen of the stream. This effect also finds ample 
illustration in southern Indiana. Torrential streams now emerge on the 
sides of broad alluvial valleys, building fans of coarse and sterile gravel 
out over the finer silt of the main stream flood plane. Deep scouring of 
fertile valleys by flood waters is only too common. 

Now the importance of this change in stream regimen for the water- 
supply engineer is two-fold. First, if floods are notably increased in fre- 
quency and volume it will be necessary to build more massive structures 
to withstand them, and it will also be necessary to build large enough 
reservoirs to hold the flood water, since very little catch of water can be 
expected in the growing season. Second, the greatly increased erosion of 
slopes and valleys brings down immense quantities of sediment which tends 
to silt up reservoirs. The rapidity and completeness with which reservoirs 
are silted up, in the southern Appalachian region, as described by Pro- 
fessor Glenn, almost passes belief... He says: “From the slopes along these 
streams a steadily increasing amount of waste is working its way down 
the channels, filling the dams and destroying their storage capacity; and 
this loss of storage means a decrease of efficiency that is calculated by the 
most experienced mill engineers to amount to 30 to 40 per cent. in plants 
that have been built especially for storage and a somewhat less marked 
decrease in other plants, the exact amount depending on the topography 
of the basin and the regimen of the particular stream on which the plant 
is located. So universal is this silting of storage basins that a prominent 
mill engineer of wide experience in his reports on the construction of 
power plants no longer calculates on power or anything except the flow 
of the stream, and he has increased his usual estimates by an allowance 
for increased storm waters that must be taken care of without endanger- 


ing the dam or plant. 


1 Glenn, loe. cit. 
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“At one large plant storage basins that originally had a capacity to 
hold the water accumulated by several days of ordinary stream flow have 
been so filled that they cannot now hold the flow of a single night. 

“At one dam where two years before, when the dam was first closed, 
there was a depth of 28 feet, an island has recently appeared. At another 
place, where a high dam had been built on a small stream, the pond has 
been so filled that its storage capacity has all been lost. . . . . A pond 
four miles long and forty feet deep at the lower end was in four years 
entirely filled in its upper part and near the dam was three-fourths full.” 

The differences between the southern Indiana region and the southern 
Appalachians are largely such as arise from the greater relative relief of 
the latter region. Plenty of examples on a somewhat less pronounced scale 
can be found in Indiana, of precisely the same process here so vividly out- 
lined by Glenn. 

There is only one remedy for this condition, and that is to remove 
the cause. The writer can vouch for the fact that where the forest cover 
is adequate, slopes in the Knobstone region, almost too steep to climb, are 
not suffering an appreciable amcunt of erosion. The steep slopes of water- 
supply catchments must be maintained in forest cover if reservoirs are to 
be kept free of mud. Jt would be a blessing to the future citizens of Indi- 
ana if large sections of the more rugged portions of the driftless area of 
southern Indiana could be protected by the State from further denuda- 
tion, and if, furthermore, slopes which have already been denuded, and 
which are too steep for agricultural purposes, could be reforested. The 
great Knobstone region, with its innumerable deep valleys and ample rain- 
fall, and impervious strata, must ultimately be called upon to furnish the 
water supply of great cities. It should be seen to that the one condition 
which alone can make this region unfavorable for such purposes, namely 
erosion of its steep slopes, is removed by early and adequate steps to for- 
ever maintain these slopes in forest. 


WAL 
Summary. The driftless area of southern Indiana comprises an east- 
ern portion of impervious sandstones and shales and rugged topography ; 
a central portion of cavernous limestone and mild relief, and a western 
portion of shales, sandstones and limestones, and similar in topography to 
the eastern regicn. The mean annual temperature and the mean annual 
rainfall are slightly greater in the southern than in the northern portion 
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of the area. The minimum annual rainfall of the region is about thirty 
inches, and the run-off may, in dry years, fall as low as twenty-five per 
cent. of the rainfall. In the eastern region (IXnobstone formation) water 
for municipal supply will have to be impounded, except where the under- 
flow of the larger valleys may be used; and the conditions for building 
dams are ideal. In the central portion of the area the rock substratum is 
everywhere very cavernous and leaky, and tight ponds will be difficult to 
obtain. A few of the larger springs furnish sufficient water for small 
cities without impounding. All deep wells produce mineral water, and 
shallow wells are inadequate. In the western portion the conditions are 
intermediate between those of the eastern and central portions. To main- 
tain the perennial flow of springs and prevent the silting of ponds the 
steep slopes of the area should be reforested, where necessary, and for- 
ever kept in forest. 

Geological Laboratory, 

Indiana University. 
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A NOTE ON THE BATOSTOMAS OF THE RICHMOND SERIES. 


By E. R. Cumines and J. J. GALLOWAY. 


Four species of the genus Batostoma have been reported from the Rich- 
mond series, namely: Batlostona manitobense Ulrich, from Stony Moun- 
tain, Manitoba; B. (?) rugosum (Whitfield), (possibly a species of Cal- 
lupora) from Delafield, Wisconsin; B. Varians James and B. variabile Ul- 
rich from various places in Ohio, Kentucky, Indiana, Illinois and Wis- 
consin. The two species last named have heretofore been confused, owing 
to inadequate descriptions and figures, although it appears that they never 
occupy the same horizon and are really very distinct. Batostoma varia- 
bile, which has been considered a rare species, occurs in great abundance 
at Ballstown and Weisburg, Indiana, in the lower part of the Whitewater 
formation. 

Associated with Batostoma varians, in the upper Waynesville and 
lower Liberty formations on Tanner’s Creek, Indiana, near Weisburg, is 
another species of Bautostoma, not heretofore recognized. This is the form 
described in the present paper as Batostoma prosseri noy. It differs from 
B. varians in its ramose growth, more numerous mesopores, larger acan- 
thopores with a smaller lumen, and the absence of a median lamina. These 
two species cannot readily be distinguished by external characters alone, 
but internally they are very different. 

Batostoma prosseri and the ramose forms of B. varians are difficult 
tc distinguish by external appearance from Eridotrypa simulatrix and 
Callopora subnodosa with which they are associated. The encrusting 
forms of B. varians might be confused with certain phases of Ceramo- 
porella. In any of these cases, however, close inspection will reveal char- 
acteristic differences. The only species occurring with B. variabile, with 
which it might be confused is Rhombotrypa quadrata, which it resem- 
bles in zoarial characters, and to a less extent in deep tangential and long- 
itudinal sections; but the quadrate zowcia at the growing ends of the 
branches are sufficient to distinguish the Rhombotrypa. 

Communication pores, which have heretofore been considered as char- 
acteristic of the genus Homotrypa, are found in abundance in many speci- 
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mens of Batostoma varians and B. Prosseri. They are also typically de- 
veloped in the following genera of the Trepostomata: Bythopora, Callo- 
pora, Dekayia, Bridotrypa, Monticulipora, Nicholsonella and Peronopora. 
It seems quite probable that communication pores are characteristic of all 
of the Trepostomata. They are most numerous hear the surface, but are 
sometimes found in the deeper portion of the mature region. They are 
most readily seen in fairly thick tangential sections cut near the surface 
of well preserved material; but very thin sections show their structure 
better. Communication pores may also be seen occasionally in longitudi- 
nal sections. These pores usually pass through the region where the inter- 
zooecial wall is harrow, going directly from one zooecium to another. But 
they are sometimes very irregular in their course. They may be straight, 
curved, or looped, and are sometimes branched, so as to connect three 
zooecia. In the sections the pores usually appear clear and empty, but 
they sometimes are filled with dark colored, opaque pellets. 

Batostoma variabile was quite certainly derived from B. minneso- 
tense Ulrich, of the middle Trenton formation of Minnesota’; from which 
locality it migrated southward during the late Richmond invasion. The 
two species seem to be almost identical. 

B. prosseri, in everything but the possession of imperfect diaphragms, 
presents striking points of resemblance to Hemiphragma irrasum Ulrich.’ 
In B. prosseri, however, the diaphragms are always complete, so that it is 
a true Batostoma. 

Batostoma varians appears to be more closely related to the Edeii 
forms, B. jamesi (Nicholson) and B. implicatum. The detailed description 


of these three Richmond species follows. 


BATOSTOMA VARIANS (James). 
Plate I, Figs. 1-le; Plate VII, Figs. 3, 3a. 
Chetetes varians. James, Paleontologist, No. 1, 1878, p. 2 (not figured). 
Monticulipora (Chetetes) varians. James, Paleontologist, No. 5, 1881, p. 
36. 
Monticulipora varians. James and James, Jour. Cin. Soc. Nat. Hist., Vol. 
X, 1888, p. 177, pl. ii, Figs. 4a, 4b. 
1Geology of Minnesota, vol. iil, pt. i, p. 297, pl. 26, figs. 38-40; pl. 27, 


figs. 9-15. 
2Jbid., p. 299, pl. xxiv, figs. 5-9. 
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Batostoma variabile (pars). Ulrich, Geol. Sury. Ill., Vol. VIII, 1890, p. 
460, pl. xxxv, Figs. 4b, 4c (non 4, 4a, 5, or pl. xxxvi, Fig. 1). 
Monticulipora varians. J. F. James, Jour. Cin. Soc. Nat. Hist., Vol. XVI, 
1894, p. 199. 

Batostoma variabile. J. F. James, Jour. Cin. Soc. Nat. Hist., Vol. XVI, 
1894, p. 200. 

Butostoma varians. Nickles and Bassler, Bull. U. S. Geol. Sury., No. 173, 
1900, p. 179. 

Batostoma varians. Nickles, Kentucky Geol. Surv., Bull. No. 5, 1905, p. 
57, pl. ii, Higs. 8; 9: 

Butostoma varians. Bassler, Proc. U. S. National Museum, Vol. XXX, 
1906, p. 18. 

Batostoma varians. Cumings, Indiana Dept. Geol. Nat. Res. 32d Ann. 
Rept., 1907, p. 778, pl. vii, Fig. 9; pl. viii, Figs. 3-8b; pl. xxvi, Fig. 
14. 


Zoarium irregularly ramose, branches 5 to 10 mm. in diameter, 10 to 
§0 mm. long; subfrondescent, or encrusting on the shells of brachiopods. 
Orthoceras, or other bryozoa. ‘The encrusting forms are from one to 5 mm. 
thick, and frequently cover an area of 20 to 60 sq. em. Cylindrical branches 
and knobs may spring from any portion of the zoarium. Surface smooth, 
vo monticules, and only an occasional macula of larger zocecia and meso- 
pores. On unweathered specimens the knob-like projections of the acan- 
thopores appear at the angles between the zoccia. The pores at the ends 
of the acanthopores are funnel-shaped. The zocecia, at the surface are 
usually angular or oval, sometimes rounded, and vary much in size and 
the thickness of the walls. The thin-walled zocwcia are angular, and the 
thick-walled ones are round or oval. Mesopores fewer than the zocecia, 
at the angles of the latter, and in the macule; sometimes long and nar- 
row, separating the zocecia in thick-walled specimens. 6 or 7 zocecia in 
2 mm. 

The tangential section shows the zocecia to be thick-walled and sep- 
arated by a conspicuous median lamina. Zocecial apertures oval, meso- 
pores fairly abundant, not so numerous as the zocecia. Acanthopores abun- 
dant, situated at almost every angle between the zoecia, rather large, thin- 
walled with wide central canal. Acanthopores sometimes occur in the 
wall between two zowcia and then slightly indent the wall. Communica- 
tion pores abundant in some specimens, hut tsually absent. In very shal- 
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low or very deep tangential sections the zocecia are thinner walled and 
angular, and in the deep sections the mesopores appear to be more nu- 
merous. 

In longitudinal sections the zocecia are seen to be thin-walled and 
without diaphragms in the axial region, and gradually curving to the sur- 
face, they emerge at right angles to the latter. The mature region is 
fairly deep and here the zocecia are thick-walled, except very close to the 
surface. Diaphragms from 2 to § in each zoecial tube, in the mature 
region, one-half to two tube-diameters apart, the first one usually not 
nearer than two tube-diameters to the surface of the zoarium: more nu- 
merous in the mesopores, which present a chain-like appearance. In the 
submature region the acanthopores are thin-walled with a wide canal, 
crossed by humerous diaphragms. The external portion of the walls of 
the acanthopores as seen in longitudinal sections presents a spiny appear- 
ance, due apparently to an interrupted or periodic deposition of scleren- 
chyma. 

According to Bassler, Batostoma varians is “abundant in the Arnheim, 
Waynesville, Liberty and Whitewater formations of the Richmond group 
in Ohio, Indiana and Kentucky.’ It occurs in the Tanner’s Creek section 
rarely in the Arnheim and lower sixty feet of the Waynesville, and 
abundantly in the upper thirty feet of the Waynesville and lower twenty 
feet of the Liberty formations. It does not occur in the upper Lib- 
erty, Saluda or Whitewater formations in Indiana. The Whitewater 
form is B. variabile. B. varians occurs in the base of the Liberty near 
Abington, Wayne County, Indiana, and in the Arnheim and Waynesville 
near Madison. 

BATOSTOMA VARIABILE (Ulrich). 
(Plate II, figs. 1-1¢c; Plate III, figs. 1-1¢c; Plate IV, figs. 1, 1a; Plate VII, figs. 1-1e.) 
Batostoma variabile (pars). Ulrich, Geol. Sury. IIL, Vol VIII, 1890, pl. 
xxxvi, Fig. 1, (non pl. xxxvi, Figs. 4b, 4e,= B. varians). 
Batostoma variabile. Bassler, Proc. U. S. Nat. Mus., Vol. XXX, 1906, p. 
18, pl. vii, Figs. 9, 10. 
Ratostoma variabile. Cummings, Indiana Dept. Geol. Nat. Res. 32d Ann. 
Rept COT Wit, Dl xexvay HIS ules 

Zoarium ramose, robust, cylindrical or subcylindrical, 5 to 20 mm. in 

diameter, and 10 to 70 mm. long, dividing every 10 to 20 mm. either dichot- 


omously or irregularly. The basal expansion forms large irregular massez 


1 Proc. U. S, National Museum, vol. xxx, 1906, p. 18, 
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by throwing off numerous large branches, which sometimes anastomose. 
Surface smooth, but having maculae of conspiculously larger zocecia, which 
rise slightly above the surrounding zowcia. Six maculae in 1 sq. cm. Acan- 
thopores usually not visible at the surface, but sometimes in unweathered 
specimens, they project as very minute spines. Mesopores absent, except 
an occasional one in the macule. Zoccia very thin-walled at the surface 
in well preserved material, but thick-walled just below the surface. In 
weathered material the zoccia appear thick-walled at the surface, owing 
to the fact that this outer thin-walled zone has been removed. Zoocia 
very regular in size, angular or rounded by deposits of secondary scleren- 
chyma; six or rarely seven in 2 min., those in the macule one-half larger 
than the ordinary zowcia. 

Tangential sections show the zocecia to be angular, thick-walled. and 
usually separated by a dark Conspicuous lamina; their apertures rounded. 
Mesopores absent, but an occasional very small zocecium, having the same 
wall-structure as the larger zocecia is present. Acanthopores small or 
large, abundant, from 4 to 16 surrounding a zoccium. Their walls thin, 
indistinct, and continuous with the median lamina. The central canal is 
usually minute, and not sharply defined. Communication pores few or 
absent. i 

In the longitudinal section the zococia are thin-walled in the axial 
region, slightly flexuous and crossed by straight diaphragms, from one to 
three tube-diameters apart. The zomcia curve gradually till they reach 
the mature region, where they turn abruptly and go straight to the sur- 
face, and emerge at right angles to the latter. Diaphragms more numer- 
ous in the mature region, one-half tube-diameter or less apart. Some of 
the diaphragms are irregular, curved like cystiphragms, infundibular, and 
either concave or convex upward. Zocecial walls abruptly thickened in 
the mature region, except in young zoaria, and becoming very thin again 
at the surface. Diaphragms thickened in the mature region by a secon- 
dary deposit. 

Batostoma variabile occurs abundantly in the lower 40 feet of the 


Whitewater division at Weisburg and Ballstown, Indiana. 
( 


BATOSTOMA PROSSERI nov. 
(Plate V, figs. 1-1c; Plate VI, figs. 1-ld; Plate VII, figs. 2-2ce. 
Zoarium ramose or digitate, cylindrical, or compressed, dividing dichot- 
omously or unequally at intervals of 10 to 20 mm.; 8 to 15 mm. in di- 
ameter and 20 to 60 mm. long. Surface smooth, but having maculae of 
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large zocecia and mesopores, elevated above, or depressed slightly below 
the general level of the surface. About 9 maculie in 1 sq. cm. Mesopores 
abundant at the surface, frequently entirely surrounding the zoccia; at 
other times not conspicuous. Zocecial apertures round, and regular in size. 
Acanthopores, in unweathered specimens, appearing at the surface as 
large blunt spines at the angles of the zocwcia, and giving to the surface 
a decidedly spinose appearance. The zowcia average 7 in 2 mm. 

In tangential sections the zoccia are thick-walled and round. The 
angles between the zowcia are filled with secondary sclerenchyma and 
acanthopores. Mesopores usually abundant, but nearly absent in some sec- 
tions. Acanthopores numerous, 4 to 10 surrounding a zocecium; large and 
thick-walled, with a small distinct central canal; sometimes indenting the 
zocecial walls. No intermural lamina. Communication pores usually ab- 
sent, but numerous in some sections. 

In longitudinal sections the zocecia are thin-walled and wavy in the 
axial region, and usually without diaphragms. Diaphragms begin ab- 
ruptly as the mature region is entered, and become numerous toward the 
surface, where they are from one-half to one tube-diameter apart. Zocecial 
walls much thickened in the mature region, and proceeding directly to 
the surface, where they emerge at right angles to the latter. In immature 
specimens the zocecial apertures are oval, the mature region shallow, and 
the zocecia emerge obliquely to the surface. In the longitudinal section 
the acanthopores are thick-walled, with a small central canal, crossed by 
an occasional diaphragm. The diaphragms in the zocecia are usually 
straight, but are occasionally cystoid. Diaphragms are more numerous in 
the mesopores. 

The distinguishing features of Batostoma prosseri are the ramose 
growth, numerous mesopores and large acanthopores. The species is named 
in honor of Professor C. S. Prosser of Ohio State University. It occurs 
in the upper 40 feet of the Waynesville, and commonly in the lower 20 
feet of the Liberty, at Weisburg, Indiana. It disappears abruptly at the 
level of the Plectambonites sericeus layer, as does also B. variuns, with 
which it is associated. 
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PLATE: I. 
Page. 
Batostomea. varians (Jamwes))~. 2. 323m. rE ri ce sane ES 
1 Surface. x9. Upper Waynesville. 
Ja. A subfrondescent specimen, natural size. Lower Liberty. 
1b. Typical tangential section, showing communication pores. 
x18. Upper Waynesville. 
Je. A subramose specimen, natural size. Lower Liberty. 
1d. Longitudinal section, showing deep mature region and spiny 
acanthopores. x 18. Lower Liberty. 
Je. Typical longitudinal section. x 18. Upper Waynesville. All 


specimens from Weisburg, Ind. 
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PEATE LE 


Batosloma viURavie GARICH Se. 6 ae saistololca eye Oe s ese ts te 
1. Typical tangential section, x 18. Ballstown, Ind. 
la. Tangential section, showing unusually large acanthopores 
and faint median lamina, x18. Weisburg, Ind. 
1b. Shallow tangential section, showing thin walls and few 
acanthopores, x 18. Weisburg, Ind. 
le. Ramose specimen, natural size. Weisburg, Ind. 
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Batostoma variabile Ulrich 


il. 

la. 
1b. 
le. 


Surface, showing a macula and thin-walled zoovcia, xX 9. 
Longitudinal section, x 18. 

Typical longitudinal sectien, x 1%. 

A compressed specimen, natural size. All specimens from 


Weisburg, Ind. 


Prats III. 
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BGtostoma  GAriavile: UInichy «2.20 5. 40ae sie es nye kalennee Re eee 150 
1. Cross section, showing an unusual delevopment of cystoid 
diaphragms, x18. Ballstown, Ind. 
la. Longitudinal section of a specimen having an unusually deep 
mature region, x 18. Weisburg, Ind. 
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DEAT Ve 


ECLOSCOUG PUOSSCPD WOVis cic )oie-< oo 16 viv ioie; =; Sabor anes Oe fel alans, Soe. 30d 2, 2) a eee 
1. Tangential section, showing communication pores, x 18. 
Lower Liberty. 
la. Tangential section, showing unusually large acanthopores, 
x18. Lower Liberty. 
1b. Typical tangential section, x 18. Upper Waynesville. 
le. Surface, showing numerous mesopores and acanthopores, x 9. 


Lower Liberty. All specimens from Weisburg. 
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EQCOSTOTUG: DTOSSETE TOV s,s eraie odie oe tase Balu he-e oeia; 0 ole oes et ee 


1. Longitudinal section, showing shallow mature region, x 18. 
Lower Liberty. 

la. and b. Two specimens natural size. Lower Liberty. 

1c. Typical longitudinal section, x 18. Upper Waynesville. 

1d. Longitudinal section, showing deep mature region, x 18. 


Upper Waynesville. 
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PEATE SV LL: 
Page 
ROLOSTOMG VATTAOULe WITT CH rey sate tees. see eae epelers. sha Siete. dienes sie sse oC tote DO 
1. Shallow Tangential section, showing thin walls. Weisburg, 
Ind.’ 
la. Deep tangenital section, showing thick walls. Weisburg, Ind. 
1b. Tangential section, showing numerous indistinct acantho- 
pores. Ballstown, Ind. 
1e. Longitudinal section. Weisburg. 
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2. Typical tangential section, showing large acanthopores and 
numerous mesopores. Weisburg, Ind. Upper Waynesville. 
2a. Tangential section, showing communication pores. Weis- 
burg, Ind. Upper Waynesville. 
2b. Tangential section, showing unusually large and numerous 
acanthopores. Weisburg, Ind. Upper Waynesville. 
2c. Longitudinal section. 
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3. Typical tangential section. 
3a. Longitudinal section, showing spiny acanthopores crossed 


by diaphragms. 


1 All figures magnified 44 diameters. 
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OBSERVATIONS, HAvina ror THEIR OBJECT THE APPROXIMATE DE- 
TERMINATION OF THE TIME REQUIRED FOR THE EROSION OF 
Cuirty AND BUTLER RAVINES IN JEFFERSON COUNTY, IND. 


GLENN CULBERTSON, Hanover, Indiana. 


In the Proceedings of the Indiana Academy for 1897, there is given 
an account of preliminary work looking forward to the determination of 
{he period required for the erosion of Clifty and Butler ravines or valleys. 
This preliminary work consisted in making accurate measurements of the 
length of the valleys mentioned, and in drilling holes and in driving steel 
rods into the recks both above, and in the amphitheater-like space beneath, 
the falls, and in making accurate measurements from these rods so that 
the rate of recession of the falls could be determined. 

Nothing of value has resulted from the measurements from the rods 
driven in the bed of the streams above the falls. From those driven into 
the softer rocks beneath the falls, as described in the Proceedings of 1897, 
results so far as Clifty Valley is concerned are quite satisfactory. The 
evidence obtained in case of Butler Valley is as yet of little value. 

A comparison of the measurements made at Clifty Falls fourteen 
years ago and very recently indicate that the sapping, as the weathering 
caused by the mists carried by the waterfall winds against the rocks be- 
neath the falls, followed by frost action, is called, has been quite marked. 
Since 1897 the sapping has amounted to four and one-fourth inches. The 
sapping has been of a uniform character throughout the whole period, 
and certainly indicates very closely the present rate of retreat of the 
falls. 

Four and one-fourth inches in fourteen years is very approximately 
at the rate of two-sevenths of an inch per year. The period required for 
the retreat of the falls from the edge of the deep valley of the Ohio, a 
distance of 11,000 feet, if the present rate of erosion has held throughout 
its history. should be 462.000 years. 

The rock over which the water now flows at the falls is of the same 
character essentially as that over which the water flowed during the whole 
of the past history of the valley. Hence so far as that element is con- 
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cerned, the erosion should have been uniform throughout the period of 
the growth of the valley. 

Whether or not the stream flowing over the falls at present is as great 
as in the past is a problem rather difficult of solution. The falls are in 
the main valley, yet as they have retreated through the two and a twelfth 
miles, several tributary valleys have been left to work back their heads, 
and because of this element it may be that there is a smaller volume of 
water flowing over the falls than in the past, and hence a somewhat slower 
retreat. 

_ Again, the valley above the falls has certainly been growing longer, 
und developing tributaries, and hence has been adding to its volume of 
water during these milleniums, and because of this factor the falls may be 
retreating more rapidly than during the earlier period of its growth. 

Considering all the possible factors which may have influenced the 
erosion of Clifty Valley, it is probable that the present rate of sapping 
beneath the falls, and hence the retreat of the falls up the valley, is very 
approximately that which has held throughout the history of its growth. 
Whether the valley has been entirely or only partially eroded since retreat 
of the ice sheet, probably the Illinoian, which at one time covered the 


entire region concerned, is an open question. 
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TrE OCCURRENCE OF HAND-SPECIMENS OF JOINTED STRUCTURE IN 
~mHE New ALBANY SHALE. 


GLENN CULBERTSON, Hanover, Ind. 


About one and one-half miles northwest of the village of Isent in 
Jefferson County, Indiana, and near the entrance to Lloyd’s Cave, there 
is an outcrop of the New Albany black shale. This outcrop is found for 
some distance along the east and west road, and also along the road 
extending in a northwest direction past the upper entrance of the cave. 
One stratum of the shale, which is somewhat more indurated than the 
others, and which is approximately one-half an inch in thickness, furnishes 
excellent specimens of jointed structure. Both master and minor joints 
tun so close together as to leave the weathered remnants of the shale 
in pieces from four to eight inches long and from two to six inches wide. 
The joint planes are approximately parallel, although in some cases there 
is considerable variation from parallelism. 

Such specimens furnish excellent illustrations of jointed structure 
for museums and for the classroom, and are very convenient. The accom- 
panying photograph shows several typical specimens, as found weathered 
out and lying on the surface. The relation of master and minor joints and 
the sharp outlines of the specimens are clearly indicated. 

The number of specimens is seemingly rather limited, but further ex- 
amination may disclose many more. So far as the writer is aware, the 
occurrence of such perfect specimens of jointed structure in sizes con- 
venient for handling is very unusual if not entirely unique. 
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Typical specimens of jointed structure in New Albany Black Shale from Jefferson County 
Indiana.—Photo by Glenn Culbertson, Hanover, Indiana. 


173 


RESULTS OF GLACTATION IN INDIANA. 


By CHARLES W. SHANNON. 


During the past five or six years my field work has been in both the 
glaciated and unglaciated parts of Indiana. The work has been chiefly 
concerning the surface features, such as drainage, soils, clays, gravel and 
sand deposits, and stone outcrops. A study of these surface features has 
revealed many contrasts between the two areas. Some of these are very 
marked, others are not so prominent at first consideration. It is the 
purpose of this paper to show some of these results of glaciation within 
the State. 

For the general information concerning the ice sheets which have 
invaded the State, and their influence upon drainage and other physical 
features, I have drawn upon the works of Prof. T. C. Chamberlin, Mr. 
Frank Leverett, Dr. Charles R. Dryer, and others who have made special 
studies and investigations in glaciation within the State. 

The work of the glaciers in Indiana has been attracting the attention 
of geologists and other investigators for a number of years. Both the 
State and the United States Surveys, as well as individuals, have done a 
great amount of work and are at present engaged in the investigation. A 
careful study of the glacial deposits in Indiana will throw much light 
upon the conditions present in adjoining States, and on the results of 
glaciation in general. According to Mr. Leverett, the glacial deposits and 
scorings of the State have been recognized from the earliest days of set- 
tlement. “It is in Indiana that we find about the first recognition in 
America of the boulders as erratics and of striz as products of ice action. 
So long ago as 1828, granite and other rocks of distant derivation were 
observed by geologists near New Harmony, in the southwestern part of 
the State; at nearly as early a date (1842), stris were noted near Rich- 
mond, in the eastern part of the State.’ But even with these observa- 
tions, very little attention was given to the deposits until within the past 
twenty-five or thirty years. 

About four-fifths of the State lies in the glaciated area. In the south 
central part of the State is a driftless area comprising all or a part of 
twenty counties, 
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Topography outside of influence of Glaciers. Knobstone area in Brown County. 


Topography just outside the Glacial Boundary, but influenced slightly by outwash. Coal 
Measure area, Dubois County. 
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Two distinct periods of glaciation are recognized and in addition 
much material derived from a third, in which the advance of the ice 
sheet did not reach the limits of Indiana, but produced many important 
features by the action of wind and water upon the outwash material. 

The various stages producing glacial deposits are spoken of as (1) 
The First Ice Invasion, chiefly that of the Illinoian ice sheet and probably 
an eastern lobe which reached the eastern side of Indiana. (2) The Main 
Loess Depositing Stage, the Iowan drift. (8) The Wisconsin Stage of 
Glaciation. 

First Ice Invasion.—The State was invaded by ice which had its cen- 
ter of dispersion in the elevated districts to the east and south of Hudson 
Bay. From the region to the north of Lake Huron there was a move- 
ment to the west of south over the Lake Michigan Basin, Illinois and 
western Indiana. From a part of this sheet the part known as the Illi- 
noian lobe was formed. The deposit left by this invasion constitutes the 
surface (aside from the thin covering of loess) over southwestern 
Indiana and an area of almost equal size in southeastern part— 
that is, it covers the entire area between the glacial boundary and the 
line of the Wisconsin drift. Many wells and drillings have shown that this 
drift is also present farther to the north underlying the Wisconsin. The 
thickness of this drift over the area of its exposure is in general about 
twenty-five feet except in filled valleys. In places the ridges carry but a 
thin coating, while adjoining valleys may be filled 100 feet or more. At 
the southern limit the coating of material is very thin in most places, and 
while the boundary is not marked by a well defined ridge, the character 
of the soil and the natural vegetation mark approximately the limits of 
the drift. 

In general, the material is of a yellowish brown color to a depth of 
fifteen feet or more, beneath which the color is a gray or blue gray. There 
is every transition from the brown to the gray; it is therefore probable 
that the brown is an altered gray till, the oxidation of the iron having pro- 
duced the color. In the filled valleys sand and gravel are often found, and 
in the northern part of the area the drift becomes more variable. The 
underlying rock formations in most of the area appear to have contributed 
largely to the material of the till. Where the underlying rocks are of a 
friable nature the material has been reduced to sand or clay and few if 
any pebbles remain in the till, the coarse and pebbly constituents of the 
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till thus varies with the character of the underlying rocks. ‘he locaily 
formed pebbles and rock fragiaents are chiefiy sandstone, but numerous 
foreign rocks and boulders of iarge size are occasionaily found near the 
limit of the drift. The region presents a fairly even topography. In 
places, knolls and ridges with undulating surfaces occur, but in no place 
do they become of great height. 

Strive are found in several places. They occur in Sullivan, Vigo, Clay, 
Greene and Owen counties. The markings are chiefly upon sandstone ex- 
posure. The drainage of the area covered by the Ilinoian Invasion was in 
many respects greatly modified. In attempting to work out the history 
of an area whose drainage has been assisted by the invasion of the ice 
sheet, the life resolves itself into four fundamental parts. First. What 
were the topographic characteristics of the area during the preglacial 
history? Second. What changes took place during the glacial history? 
Third. What has happened since the disappearance of the ice sheet; its 
post glacial history? Fourth. What was the effect produced on the 
unglaciated parts of this area? The drainage is discussed to some ex- 
tent under the heading of “Rivers and Lakes.’ 

Loess Depositing Stage—The Iowan Drift——Prior to the invasion by 
the Illinoian ice lobe there was a marked interval of deglaciation and a 
similar interval occurred at the close of the Illinoian period. These inter- 
vals were marked by leaching and oxidation of the drift, the accumulation 
of peat and soil, and the processes of erosion. The interglacial interval 
following the Tlinoian invasion is known as the Sangamon Stage. 

The surface of the Illinoian drift outside the limits of the Wisconsin 
drift is covered with a fine grained yellowish silt or loam, to which the 
term loess has been applied. Loess is a deposit which, like sand or gravel, 
may be laid down whenever conditions are favorable, but since the great 
bulk appears to have been deposited at a definite stage in the glacial pe- 
riod, the time of deposition may be referred to as the Loess Stage. This 
loess may be of different ages, but since the materials contained are such 
as occur in glacial drift it must have been derived from the drift. The 
source is supposed to be from the Iowan drift, and the distribution due 
to the combined action of wind and water. The loess of Indiana varies 
from a fine silt of a loose floury texture to compact masses, held firmly 
by a calcareous cement. In some places small pebbles are found imbedded. 


also fossil remains of fresh water mollusks, and some insects and bones 
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of mammals are found. The color varies from yellow to almost white, 
due probably to modified forms of the same material. The thickness varies 
from a thin coating to twenty-five feet or more. Where exposures of 
the loess material occur the faces are vertical and compact, and any 
markings upon the face remains well preserved indefinitely. (See photo- 
graph of exposures along Wabash River north of Old Fort Knox, Knox 
County.) How far the material from the Iowan drift extends under the 
Wisconsin is not known. 

The Wisconsin Stage.——Considerable time elapsed between the main 
deposition of loess and the invasion of the Wisconsin ice sheet. This 
time is designated as the Peorian Stage. Wrosion produced many changes 
in the surface of the loess and the underlying drift. In places extensive 
deposits of muck and peat have been found. Following the Peorian Stage 
there occurred one of the most important stages of glaciation m the en- 
tire glacial period. “It is marked by heavier deposits of drift than those 
made at any other invasion. Throughout much of its southern boundary in 
the United States, a prominent ridge of drift is to be seen rising in places 
to a height of 100 feet or more above the outlying districts on the south, 
and merging into plains of drift on the north, which are nearly as elevated 
as its crest. 

“The southern border of this drift sheet is less conspicuous in In- 
diana than in the States to the east and west. The ridge on its southern 
border in western Indiana rises scarcely twenty feet above the outer 
border tract, and it is no more conspicuous in central Indiana. Indeed, 
from near Greencastle to the vicinity of Columbus there is not a well 
defined ridging of drift along the border, the limits there being determined 
by the concealment of the loess beneath a thin sheet of bouldery drift. 
Irom the east border of Hast White River a few miles below Columbus, 
nertheastward to Whitewater Valley at Alpine, in southern Fayette County, 
there is a sharply defined ridge of drift standing twenty feet to forty 
feet above outer border tracts. Upon crossing Whitewater where the 
border leads southeastward, it is not so well defined as west of the river, 
though there is usually a ridge about twenty feet in height.” 

Thickness of the Drift—“There are surprising differences in the 
thickness of the drift within the State. The portion of the older drift 
exposed to view has, as already noted, an average of about thirty feet. 
The additional 100 feet of the newer drift is, however, deposited very 
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irregularly. In the belt of thick drift which leads from Benton County 
southeast to Marion County, and thence east into Ohio, the thickness is 
probably 200 feet. The portion of the newer drift area to the south of 
this belt has an average of about fifty to seventy-five feet. A still larger 
tract extending north from this belt of thick drift as far as Allen County 
and the west flowing portion of the Wabash, has only fifty to seventy- 
five feet, with limited areas where its thickness is but twenty to thirty 
feet. In northwestern White, southwestern Pulaski, and southern Jasper 
counties there are several townships in which scarcely any drift appears 
excepting boulders and sandy deposits. In northern Indiana the drift is 
very thick. Its average thickness for fifty miles south of the north 
boundary of the State is probably not less than 250 feet and may exceed 
200 feet. At Kendallville it is 485 feet, and at several cities on the 
moraine which leads northeast from Fulton County to Steuben County, its 
thickness has been shown by gas borings to exceed 300 feet. The rock 
is seldom veached in that region at less than 200 feet. Were the drift 
to be stripped from the northern portion of Indiana its altitude would be 
about as low as the surface of Lake Michigan, though much of the present 


surface is 200 to 300 feet above the jake’ 


TOPOGRAPHY. 

The surface of Indiana presents ne great diversity of topographic 
features. The elevation above sea level ranges from 315 feet at the junc- 
tion of the Ohio and Wabash rivers to about 1,285 feet, in the southern 
part of Randolph County. It is on this height of land that both the 
east and west forks of White River have their source. The average 
elevation of the State is about 700 feet. The greater part of the State is a 
plain of accumulation. North of the glacial boundary much of the area 
has a comparatively’ level surface, or only gently undulating. In the 
northeastern part of the State are some considerable hills and ridges, . 
formed from the coarser materials and large boulders of the drift. These 
morainic ridges, some of which reach a height of 200 feet, stand out in 
sharp contrast to the level area of old Lake Maumee on the south, and 
to the sand covered area to the west. Here on the west, the Kankakee 


Marsh with an area of 1,000 square miles is very flat, and the area to 


1See U. S. G. S. Monograph XXXVIII, Leverett. Also ‘Studies in Indiana 
Geography,’ Dryer, pp. 29-40. 
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Glacial boulders two miles northwest Bowling Green, southern limit of glacial boulders 
of large size, very rare even so far to the south. 
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the north has scarcely any significant ridges. When sand ridges occur 
on the area they are usually not more than 30-50 feet high. In the dune 
area some of the elevations will exceed 100 feet. The lower moraine of 
the Wisconsin sheet presents a distinct ridging in places, with a gentiy 
undulating surface, but the range in elevation is slight. The area lying 
between the Wisconsin drift boundary and the farthest advance of the 
early ice sheet is a flat to gently. rolling surface. 

Ixposures, wells and borings show that the preglacial surface of the 
drift area was much eroded, and drainage lines well advanced. If the 
surface could be seen it would perhaps have much the same appearance as 
the surface of the driftless area. 

The unglaciated region is a thoroughly dissected plateau. The eleva- 
tion ranges from 350 feet at the southwest corner, along the Ohio, to 1,147 
feet, at Weedpatch Hill in Brown County. The hills and ridges vary 
much in general characteristics, according to the geological formations. 
But the greater part of the area may be classed as very rugged, no level 
iracts of very large size occur, and much of the surface is too hilly for 
cultivation. In general the work of the glacier in Indiana has been to 
make the surface more level and of much greater value from an agri- 


cultural standpoint. 


DRAINAGE. 

The drainage has been greatly influenced by the glaciers which have 
invaded the State. Many of the preglacial valleys were filled with drift 
and have been able to cut out only a part of the material, or in many 
cases have followed new lines entirely. Glacial water streams have done 
much on the surface, but most of these lines are represented only by the 
old channels, or by streams which are insignificant as compared with the 
flow from the ice front. In the driftless area deep valleys, gorges and ra- 
vines, are characteristic of the drainage, some of the special drainage fea- 
tures will be considered under the heading of Rivers and Lakes. 

Rivers.—All the rivers of the State have been more or less influenced 
by the glacial action. In the glaciated part there is no uniformity in the 
drainage lines; in the driftless area a section of drainage worked out in 

‘detail will present a perfect dendritic system. 

The Ohio River forms the southern boundary of the State, and flows 

in a winding course for 352 miles. The valley of the Ohio is very nar- 
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row except for a few miles near Louisville where it has developed a 
valley several miles wide on the Devonian shales and again widens in 
the southwestern part of the State, in the area of the coal measures. 
There are a few places between Pittsburg and Louisville where the width 
of the valley exceeds two miles, and usually it is less than a mile wide. 
The narrows above Louisville range in depth from 300 to 450 feet, below 
Louisville the average is about 300 and in the wider parts the depth is 
from 100 to 150 feet. The lower Ohio appears to be a very old drainage 
line. 

The course of the lower Ohio is almost parallel with the dip of the 
formations. 

There has been almost a total disregard of topographic features; the 
part of the river as boundary which has been directly affected by the 
glaciation is between Louisville and the Indiana-Ohio line. The early 
history of the stream has been largely obliterated by glacial deposits. 
The entire part of the Ohio which has been influenced by the result of 
glaciation extends from Louisville to Maysville, Ky., a distance of 190 
miles, and including the abandoned channel near Cincinnati the glacial 
extent is about 225 miles. The drift deposits are found to extend down 
to the rock floor at a lower level than the present bed of the river, and as 
the material is unmodified the full excavation of the valley precedes the 
stage of glaciation. This work was done during the Illinoian period. 

White Water—wWhite Water River in the eastern part of the State 
drains an area of about 1,500 square miles, partly from Ohio. The source 
of the stream is in a moraine in southern Randolph County. The east 
and west forks unite near Brookville. 

“The head water portion for 15-20 miles are flowing in channels cut 
in drift. The east fork, then, near Richmond enters the rock and has 
earved its course partly in rocks from that point to Brookville. The west 
fork encounters rock at only a few points. Below Connersville it is in a 
partially filled preglacial valley, with bread bottom and elevated uplands 
on either side. 

“The west fork, with its head waters, constituted an important line of 
drainage for the waters from the ice sheet at the time the moraine above 
referred to was forming and probably also at earlier stages in the glacial 
epoch. It is in consequence a gravel-filled valley, and the work of the 
present stream has been merely a removal of a small portion of these 
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gravel deposits. Above Cambridge it has cut scarcely twenty feet into 
these deposits. ‘The depth gradually increases toward Brookville. At 
Brookville and below that city it has formed a chennel 60-75 feet in 
depth.’”’—( Leverett. ) 

It is possible that the northern part of the river basin drained west 
to the Wabash, as would be indicated by channels encountered in oil and 
gas borings. However, the width and depth of the lower White Water © 
valley would require a drainage area almost as large as the present. 

Blue River has a drainage area of 450 square miles, which lies wholly 
in the unglaciated. The flow of the stream is greatly influenced by under- 
ground channels. The fall is estimated by Tucker to be 5.384 feet per 
mile. 

The White River System drains about one-third of the State. There 
are two main branches, the east and west forks, which unite at the south- 
west corner of Daviess County. Below the point of union the stream flows 
the entire distance to its junction with the Wabash through the lower part 
of the Illinoian drift. The west fork rises in Randolph County, where the 
maximum elevation is 1,285 feet; the elevation of the mouth is 375 feet. 
The total length of the stream is about 275 miles, with probably another 
100 miles of windings. The average fall is nearly three feet per mile 
or more than twice that of the Wabash. The entire course is through 
the glacial area. The two main tributaries are Fall Creek having its 
seurce in a cascade ten feet in height at Pendleton, and Eel River which 
has a length of 100 miles; the source of the west fork is in southern 
Boone County. It flows over the edge of the Wisconsin drift in Putnam 
County. The castern fork rises in Hendricks and flows through the lime- 
stone region in Owen County, where a series of falls are produced. Tel 
tiver is a very meandering stream with a sand-choked channel. The 
material is derived in part from glacial material but largely from the 
heavy sandstone formations exposed along the course, and especially on 
the tributaries. 

The east fork of White River rises just below the southwest corner 
of Randolph County, a short distance from the head of west fork. 

The main streams of these forks grow farther apart until they reach 
Shelby and Marion counties, where they approach each other then again 
turn from one another until the east fork reaches the southeast corner of 
Bartholomew County. This fork then turns in a southwest direction 
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Showing polished surface of sandstone. James Campbell farm north of Bowling Green. 


Glacial Striae on Mansfield sandstone. James Campbell farm, north of Bowling Green. 
The marks to the left running at right angles to the scorings are cracks. Markings are filled with 
white sand to give contrast. 
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and crosses the glacial boundary near Brownstown, Jackson County. It 
euts across the unglaciated area in a west-southwest direction, and is 
cut to a comparatively low gradient, although it has cut through many 
rock formations of great hardness. The valley has been filled to such an 
extent that the present stream is on the average about 100 feet above 
rock floor. ‘The bluffs are 200 to 800 feet above the present valley floor, 
thus giving the preglacial valley a depth of 300 to 400 feet. In the un- 
glaciated area the east fork receives only one important tributary from 
the north, that is Salt Creek. This creek lies wholly in unglaciated area 
but probably carried much water from the melting heads of glaciers 
which passed through the divides to the northeast, as is evidenced by the 
filling cof sand and gravel in the upper course of the tributaries, as ex- 
sample Hubbard’s Gap, Monroe County and eastern part of Brown County. 
The streams leading down from these gaps have strewn along their courses 
glacial boulders of considerable size. 

In the Salt Creek basin the valleys are cut to great depth and a 
dendritic system of drainage has been developed which stands out in con- 
trast to the irregular and unsymmetrical drainage system of the streams 
within the drift area to the north and east. 

Lost River, an eastern tributary to east fork, is entirely out of drift 
limits area and for a distance of 12-15 miles flows through a subterranean 
channel. In flood times part of the water flows over the old surface bed. 

The Muscatatuck, a large tributary from the east, has little fall 
compared with the neighboring part of the east fork. At the railway 
crossing south of Seymour the bed of the Muscatatuck is forty feet lower 
than at the cressing on the east fork to the north of Seymour. The dif- 
ference is due to a filling of the east fork valley by deposits of gravel 
from the Wisconsin glacier. The Muscatatuck lies outside of the Wiscon- 
sin drift limits and the reach of its waters and the valley remains un- 
filled. 

The principal tributaries of east fork to the northeast are Blue River 
and Little Flat Rock Creek. These tributaries have an average fall of 
about five feet per mile. From Columbus near the edge of the Wisconsin 
drift to the mouth of the Muscatatuck the fall is about twenty inches per 
mile. In the old preglacial valley through the driftless area the fall is 
about ten inches per mile. Riffles and rapids in this part of the course, 


however, increase the fall. The Hindostan Falls below Shoals give a 
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descent of about five feet; here the stream has cut off an old oxbow and 
is cutting down the rock in the ridge encircled by the oxbow. 

The Putoka is a sluggish stream flowing along to the south of east 
fork of White River for a distance of about 100 miles, with a very nar- 
row drainage basin, nowhere exceeding twenty miles in width. The river 
rises in the Huron Sandstone of southern Orange County, thus having 
its source in the driftless area, but in the vicinity of Jasper, Dubois 
County, it comes in contact with the drift. The present drainage system 
is made up of three small drainage systems which were formerly distinct 
and the waters of which flowed to the northwestward to west and east 
forks of White River. “The upper system embraced the portion above 
Jasper, the old divide being at the northeast border of that village. The 
middle system embraced the portion between Jasper and Velpen and the 
lower part from Velpen down to the vicinity of Princeton. The old drain- 
age way there turned north to White River near Hazelton, but the pres- 
sent stream continues westward across a rock pass into the Wabash.’— 
Leverett. 

These streams which had then a northwestern discharge have been 
turned westward, just outside the glacial boundary to form the present 
Patoka River. 

The Wabash River has a large drainage area within the State. The 
viver rises in the western part of Ohio, flows across central Indiana then 
turns south and from a point a few miles below Terre Haute forms the 
Indiana-Illinois boundary to its junction with the Ohio. The main 
stream lies entirely within the glaciated area and practically all the 
waters from the system come from the drift surface. The river enters 
a preglacinl valley just north of Lafayette, and after following this valley 
for a few miles, turns southwestward across a rock point, while the pre- 
glacial valley takes a longer route to the west and south, joining the 
river at the bend near Covington. From this point southwest the river 
follows the preglacial valley to the Ohio. Above Terre Haute the pres- 
ent stream has cut out only a part of the old valley, while to the south 
the river bottoms extend from bluff to bluff of the old valley. At Terre 
Haute the valley is five miles wide, to the north from 2-4 miles, and 
increases to the south to about fifteen miles near the mouth of the river. 
In the upper part of its course at Huntington the river enters the old 
outlet of glacial Lake Maumee. The old valley here is several times 


Vertical face of loess along the Wabash north of Old Fort Knox. 


letters which have been cut in face for long time remain unchanged. 


Withstands weathering— 
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as wide as that occupied by the river above this point. From Huntington 
it flows in a westward course and has opened up a post glacial line as 
far as Lafayette, where it joins a preglacial channel as mentioned above. 

Big Raccoon Creek and its main tributary Little Raccoon Creek drain 
an area of about 500 square miles. At the southern edge of Parke County 
the stream enters an old channel of the Wabash and follows this chan- 
nel for about fifteen miles northward before entering the Wabash. 

Busseron Creek, a tributary of the Wabash, has its source near the 
Clay and Vigo line. The general direction of the stream is southwest 
across Sullivan County into the Wabash. For a few miles near the mouth 
the stream probably occupies a preglacial channel, otherwise it is not in- 
fluenced by preglacial drainage. 

There are two Hel rivers within the State. One a tributary of the 
Wabash entering at Logansport and the other a tributary of White River 
entering just above Worthington. 

Along the latter and its tributaries are some of the best rock ex- 
posures in southern Indiana. These exposures are chiefly in the Mans- 
field sandstone. It is a very meandering stream and at present the ques- 
tion of the drainage of some of the bottom lands which are subject to 
overflow is receiving serious consideration in Clay, Vigo and Greene 
counties. From the great bend westward to the Wabash there is a con- 
tinuous strip of almost level country. 

The Salamonie River enters the Wabash from the southeast near the 
city of Wabash. The river is about seventy-five miles in length and 
flows along a plain along the south side of a moraine. The Mississinewa 
enters near Peru. It has a length of about 1G0 miles and its channel is 
cut mainly in drift, but in a few places down to solid rock. The Tippe- 
canoe River is the main tributary from the northwest. Its source is 
in the moraines in the northeast part of the State. Its course is con- 
trolled by the moraines. From the moraines it passes through a sand 
plain of “Old Lake Kankakee” then again follows the course of a moraine 
along the northwest side of the Wabash, and enters it a few miles below 
Delphi. 

The Kankakee River is a very sluggish stream, flowing a distance of 
about seventy-five miles in Indiana by a very meandering course in which 
the river is said to make 2,000 bends 
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Washes in Glacial till, eastern Gibson County. Thickness about 50 feet. 


Glacial till intermingled with large fragments of sandstone from local formations. Gibson 
County. 
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In Illinois the Kankakee unites with the DesPlaines to form the 
Illinois. ‘The river drains an area of about 8,040 square miles in Indiana. 
The general trend of the watershed is from east to west with an entire 
length of 200 miles and a north and south width of seventy miles. All 
the north tributaries have their source in the Valparaiso morainic sys- 
tem. The southern limit of the watershed is in the Iroquois and Mar- 
ceilles moraines. There is no well defined ridge separating the water- 
shed of the Kankakee from that of the Wabash. The river rises in a 
marsh near South Bend in the edge of a moraine. The Kankakee 
marshes comprise the most extensive body of swamp land in Indiana. 
In the seven counties drained by the river the original area of the marsh 
was almost a half million acres. In many places wild rice, rushes, water- 
lilies and grasses grow so abundantly in the channel as to cause the 
flooding of the marshes even during a summer freshet. In former years 
the river could scarcely be approached but now more than a dozen rail- 
ways eross the stream and numerous highways bridge its waters. The 
surface of the marsh land is for the most part a treeless plain except 
along the immediate border of the river, where some trees are found. The 
soil is in general a dark, sandy clay soil, rich in organic matter. The 
sand content varies, and presents a number of soil types. According to 
situation the soils would be classed as swamp, marsh, island, peat and 
muck. 

The St. Joscph River, now tributary to Lake Michigan, formerly dis- 
charged through the Kankakee. It has a drainage area of about 4,000 
square miles. Papaw River which joins it near the mouth is the chief 
tributary. It has its source in the swampy region to the east of Val- 
paraiso Moraine. Pipestone Creek and Dowagiac River are other trib- 
utaries. 

Yellow River drains an area of about 700 square miles lying to the 
east of the moraine in which the Kankakee also has its source. 

About 800 miles of the Iroquois watershed lies in Indiana. In most 
of its course the stream is sluggish and the drainage imperfect. The soil 
of the area is a sandy loam and is largely under cultivation. The natural 
waterways have been greatly assisted in drainage by systems of ditching. 

The Calumet River has its source in the Valparaiso morainic system 
south of Michigan City. All the tributaries enter from the south side. 
The course of the stream and tributaries are controlled to some extent 
by the sand dunes along the beaches of the old lake. The stream now 
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discharges at South Chicago in Illinois. The old discharge was in Lake 
County on the southeast border of the lake. Near the source the river 
flows in an almost straight line and has the appearance of an artificial 
ditch rather than a natural stream. After flowing across the counties 
of Porter and Lake it crosses the State line but three miles south of 
its entry into Porter County and almost due west of its source. From 
the State line it flows in a northwesterly direction, for about seven miles 
and then at Blue Island, Illinois, it makes a sharp curve, then flows north- 
east then southeast and again crosses into Lake County about three miles 
north of its first line then continuing eastward for fourteen miles to 
its old point of discharge, but two and a half miles from the point where 
it first entered Lake County. The area included in this meander con- 
sists of slightly elevated morainic tracts, sandy beaches and marshes. 


LAKHS. 


In the northern part of the State are hundreds of lakes varying much 
in size. These lakes are chiefly confined to the four northern tiers of 
counties. These lakes are all due to the irregular deposition of glaciat 
drift. They occupy basins within the morainic area. They may be di- 
vided into three classes. (1) Kettle Hole Lakes, those which have been 
formed by the melting of detached blocks of ice. (2) Channel Lakes, in 
which the basins are the abandoned channels of glacial streams. (3) 
Irregular lakes, those with no general form of outline but are due to the 
irregular depressions formed in the accumulated drift. 

The abundant vegetation has produced considerable deposits of peat 
about the margins of many of the lakes, and many of the smaller ones 
have been completely filled. Good marl deposits also occur in many. of 
the lakes and is being utilized for the manufacture of cement, brick and 
tile. 

No lakes occur outside the limits of the Wisconsin drift, although 
many basins of extinct lakes occur over the southwestern border of 
the Illinoian. Some small ponded areas are found which take consid- 
erable proportions in wet seasons but are not permanent. In the drift- 
less area numerous small ponds are found, which owe their origin chiefly 
to sink hole depressions in which the outlet has become clogged. 


For description of Indiana Streams, see U. S. G. S. Monographs XXXVII and 
XLI.—Leverett. 
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Niagara limestone exposed in the Wabash Arch at Wabash 


Niagara limestone exposed in the channel of the Wabash river at Logansport. 
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SOILS. 


The soils of the State are of two general classes. 

Virst. Sedentary or Residual Soils.—These are the soils in place, 
they have not been removed from the parent rock. Such soils occur 
throughout the driftless area. They vary much in color, texture struc- 
ture and natural fertility, according to the nature of the formation of 
which they have been derived. The poor soils are those derived from 
the shales and the sandstones. Those from the limestones are rather 
fertile, but will not stand continuous cropping, but soon become depleted. 
The residual soils are as a rule not very deep and do not withstand 
drouth very well. 

Another group of soils to be classed as sedentary are in cumulous 
deposits as peat, muck and swamp, since they result from the gradual 
accumulation of material “in situ.’ Though differening in both composi- 
tion and origin from those just described such soils are common in the 
northern part of the State in the Wisconsin drift. 

Peat occurs only in very limited areas outside of the Wisconsin drift 
boundary. Muck areas occur about the margins of the many lakes and 
thousands of acres are in the swamp areas of the lake region and the 
Kankakee basin. 

Secoud. Transported Soils.—Those which have been transported by 
the power of water, wind and ice. These are known as colluvial, alluvial 
and glacial drift soils. The two latter classes are of most importance. 
All of the alluvial soils of the State are fertile both in the glaciated and 
driftless areas. <A large part of the river bottom soils are low lying and 


difficult to drain. These soils vary from the sands and gravel to the 


stiffest clays, but in general they are a good clay loam. Corn is the 
principal crop. 

The drift soils are composed of a great variety of types, and mostly 
of good to fair fertility. The black loam of the drift has made Indiana 
take first place among the States in the production of corn and other 
staple crops. The glacial drift is for the most part a very productive 
and permanent soil. The drift deposits are varied in the arrangement 
of clay, gravel and sand, so that what is true in one locality may be en- 
tirely different in another. But in general it consists of a confused mass 
of material derived from many sources and is usually rich in all the 


necessary plant foods. 
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The line between the residual types and the loess covered tracts is 
well defined as to differences of plant growth and crop production, but 
the line between the pale silt and the black soils of the Wisconsin drift 
is very conspicuous. 

The loess soils are easily cultivated, much of the surface of a well 
tilled field is frequently a loose floury Gust, and when small clods occur 
they are easily broken. The soil may be plowed when wet and yet 
easily be worked to a loose pliable condition. There is a marked deficiency 
ef organic matter in the virgin soil and as this amount becomes less the 
soils get in a poor physical condition and are sometimes difficult to man- 
uge. <A systematic rotation of crops and good application of stable ma- 
nure are necessary to keep the soils in good condition for cultivation. 
Much of the land is used for pasture, but when left uncultivated for a 
few years the ground becomes covered with a browth of briars. 

The principal alluvial soils of the State are those of the White 
River, Wabash and Ohio Valleys. The valleys of these streams and 
their tributaries are the results of stream erosion, and chiefly by the 
streams which now occupy them. During the glacial period they were 
largely choked with drift, only a small part of which has been removed ; 
gorges and ravines exist in great numbers along the White Water, White 
and Ohio river's and their tributaries. The eastern tributaries of the Wa- 
bash in Fountain and Parke counties flow through deep gorges cut in 
the sandstone. The streams flowing from the glacial area had their 
valleys flooded with glacial waters and choked with glacial debris. The 
effett of this is shown by the extensive terraces of sand and gravel which 
border their present channels. Between these terraces are the bottom 
lands, large areas of which contain very productive soils. 

A larger percentage of the drift soils are suited for cultivation than 
those of the driftless area, but there are, however, large areas of the 
former which are either too rough for agricultural purposes, as in the 
boulder morainic belts, or too wet, as in the lake and marsh districts of 
the northern part of the State. 


ROCK OUTCROPS. 


In the northern part of the State rock outcrops are few. At Mo- 
imence, Illinois, occurs the first limestone outcrop along the Kankakee, 
and from that point to its junction with the Iroquois there is a solid 
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Oolitic limestone weathering into soil. Cleveland Quarry near Harrodsburg, Monroe County. 
Typical example of the source of the residual soils of the driftless area. 
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rock bed. At Momence some of the rock ledge has been blasted away in 
an effort to give a better flow to the Kankakee. The Wabash arch presents 
the best exposure in the central and northern part of the State. Follow- 
ing down the Wabash numerous outcrops occur, at Logansport, Coving- 
ton, Merom, Vincennes and below New Harmony. The rock gorges along 
Sugar Creek below Crawfordsville afford some of the most picturesque 
scenery within the State. Above Crawfordsville the channel is shallow 
and touches rock only at a few places. Rocky Fork, in Parke County, 
also has many erosive features of similar appearance. In Vigo County 
many exposures occur along the tributaries of the Wabash. Along Eel 
River in Putnam County and Clay County are some excellent examples 
of erosion in the Mansfield Sandstone. Croy’s Creek, a main tributary, is 
lined with gorges, undercuts, vertical walls, and cliffs with steep slopes. 
The falls of the east fork of Eel River at Cataract in Owen County are over 
the limestone. In the eastern part of the State along Clifty Creek, Big Flat 
Rock and Little Flat Rock there are long stretches of rock bottom and 
bank exposures in the Devonian and Upper Silurian. Along the channel 
of White Water and at Madison is found some of the very best of scenery. 
The rock bluffs along the Muscatatuck, as at Vernon, and the shale 
in the beds of the streams to the south, as about Henryville, are also 
of prominence in the southeastern part of the State. In the southwest 
the bluffs of the Patoka are specially noted. These are only a part of 
the rock outcrops within the drift area, and in addition to the many ex- 
posures of natural ledges may also be mentioned the great deposits of 
conglomerate gravel which presents some rugged surfaces, as along the 
upper Wabash and along White River to the northeast of Noblesville. 

In the driftless area the bare rock surfaces give all sorts of weath- 
ered forms. The sandstone areas have the most striking features, with 
the almost vertical cliffs, rising in some cases to 200 feet or more. The 
scenery of the driftless area is not excelled by any in the State, or along 
the Ohio Valley, or indeed, by any in the Middle West. 

Most of the streams of the State would afford good water power ; 
many examples of good power sites are present which could be utilized 
with little cost. Rock exposures in the bed of some of the streams afford 
greater fall and at the same time good solid bases for dams or other 
works to be constructed. 
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An accurate topographic map of the State would show the contrast. 
in the physical features of the glaciated and the unglaciated portions bet- 
ter than any other description or illustration that could be given to a 
person whoh had not been over the area to investigate the contrast. 
In the glaciated area the lines would run in large regular curves and 
far apart, showing the smoothness and regularity of the surface. South 
of the drift limit the lines would be close together with a very winding 
course and sharp curves, showing a region of deep, narrow valleys, ir- 


regular divides and abrupt cliffs. 


POPULATION AND LAND VALUES. 

About four-fifths of Indiana is in the glaciated area. 

Excluding Indianapolis, about one-eighth of the population of the 
State is in the unglaciated area. New Albank and Jeffersonville, although 
included in the unglaciated area, really do not belong in that class but 
are river valley towns and their population has been increased by the 
condition of the surrounding area. 

The next largest towns in the unglaciated area are, Bloomington and 
Redford, with populations of about 9,000 each, with no other towns com- 
ing up to this size by less than half. 

In the unglaciated area the average per cent. of the land under 
cultivation is about 60 per cent. and is valued on the average at about 
$40 per acre, while in the glaciated area over 75 per cent. is under culti- 
vation and sells on the average at $85 per acre. The average is lowered 
gereatly by the sand hills of Lake County. In the central counties about 
95 per cent. of the land is under cultivation, and much of its sells at 
prices ranging from $100 to $150 per acre, or even more where within a 


few miles of good market centers. 
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THe SAND AREAS OF INDIANA. 


By CHAS. W. SHANNON. 


Sand deposits may be studied from two points of view, first as to 
origin and structure, second as to their economic value. Dune sand Is a 
kind of soil and at the same time is a particular kind of deposit. 

The sand areas of Indiana consist of sand-dunes, sand-hills, sand- 
flats or “swales’” and sand prairies. The pricipal areas of the sand de- 
posits are. (1) The dunes and ridges about the head of Lake Michigan. 
(2) The great expanse of the sand-hills and plains to the south of the 
principal dune area, extending to the southern limit of the marshy area 
south of the Kankakee River and east to the gravelly moraines. (3) 
The sand prairies of the lower Wabash Valley. (4) The deposits along 
the Ohio River. (5) The deposits along White River and its tributaries. 

The Dune Area.—One of the marked features. of the northern part 
of the State is the shifting dunes and ridges of sand. These great tracts 
of sand about the head of Lake Michigan belong wholly to beach ac- 
cumulations, being sand derived from the immediate south shore, and 
from the erosion of the eastern and western shores and carried south- 
ward by shore currents during northern gales, and after being rolled upon 
the south shore it is carried inland by the winds and built up into unstable 
hillocks and ridges. 

“Dune sand consists of loose, incoherent sand forming hillocks, rounded 
hills and ridges of various heights. Dunes are found along the shores 
of lakes, rivers or oceans, and in desert areas. They are usually of 
little value in their natural condition because of their irregular surface, 
the loose open nature of the material, and its low water holding capacity. 
Dunes are frequently unstable and drift from place to place. The con- 
trol of these dunes by the use of windbreaks and binding grasses is fre- 
quently necessary, as at Cape Cod and on the coast of California, for 
the protection of adjoining agricultural lands. In certain regions they 
have been improved for agricultural purposes or employed as catchment 
areas in city water supplies or planted to pine forests for the protection 
of agricultural lands and for revenue.’”—U. S. Bureau Soils. 
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Showing Progress of Dune from ‘‘A”’ to ‘‘B.” 
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Wherever a sandy soil occurs unprotected by vegetation dunes are 
built up. They are usually roughly stratified, the degree of stratifica- 
tion and the thickness of the beds depending upon the force and direction 
ef the wind. The sand grains become much rounded by abrasion, and in 
many cases become very small. Sand grains are heavier than dust par- 
ticles and are not raised far above the surface by the winds; the larger 
grains being rolled along on the surface. The movement is very similar 
to that of “frozen” snow in drifting. 

From Michigan City, Indiana, west for a.distance of about twenty- 
five miles the lake beach presents a line of sand-dunes, averaging in 
width from one-third to one-half mile, and in places 150 to 200 feet 
high. Farther to the west to the State line the beach spreads out into 
“ broad belt of low ridges running parallel and with an extreme width 
of about two miles. It has been estimated that after deducting the 
sand deposited by Lake Chicago that at least half a billion cubic yards 
of material have been added to the surface of Lake and Porter counties 
alone by the waters of the present lake. The dunes and ridges are 
most typically developed on a large scale about Michigan City in the 
great “Hoosier Slide,’ which has stood as the greatest and most noted 
of the dunes. During the past few years this dune has had its bulk 
greatly decreased by the hauling away of the sand by the hundreds of 
train-loads for various economic purposes. The sand sells for about 
three dollars a carload. Railroad switches are laid along the sides of 
the dune and steam shovels scoop out the sand and dump it into the 
cars. Many cars are also loaded with hand shovels and wheelbarrows. 
When a cavity is made in the sand the wind soon brings down a new 
supply from the top and renews the deposit. A sand brick and building 
block factory located in the southeastern part of the dune finds its sup- 
ply of raw material continually replaced at its shed doors. Practically 
all the railroads entering Chicago have used this sand in track ballast 
and elevation. Great trestles have been filled and swamps and marshes 
slong rights of way have been covered with the sand. The dunes and 
ridges at Dune Park, about twelve miles to the southwest of Michigan 
City, are very extensive and are also a source of much of the sand shipped 
out for numerous purposes. In addition to the use mentioned the sand 
is used for the filling of city lots, building sand, and many manufactured 
products. ~ 
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The Origin and Accumulation of the Sand.—Bstimates were made 
several years ago by Dr. Andrews te determine the amount of sand _ be- 
longing to the Lake Chicago deposits and the amount belonging to the work 
of the present lake. It was found that the lake was encroaching upon 
the western border and on the eastern border along southwestern Michi- 
gan. In Indiana the lake is filling in rather than extending its borders. 
The estimates show that the combined bulk of the beaches formed by Lake 
Chicago is nearly equal to that due to the present lake. The length of 
time involved in the accumulation of the beach deposits was estimated by 
measuring the amount of send carried southward past the piers at Chi- 
cago and Michigan City. The sand stopped by the two piers annually 
was found to be 129,000 cubic yards. Since the estimate shows that not 
more than one-fourth or one-fifth of the drifting sand is stopped by the 
piers, the period for the accumulation is given as less than 6,000 years, 
or about 3,000 for Lake Michigan. Dr. Andrews has also estimated the 
age of the lake from the annual amount of destruction from the bluffs. 

“Dr. Andrews’s estimates were based on the assumption that there 
is a southward-flowing current on each side of the lake, carrying sand 
to its present head. Investigations made by the Weather Bureau in 1892 
and 1893, under the direction of Pro. Mark Harrington, led him to the 
conclusion that the currents on the east shore in the southern portion of 
the basin are northward instead of southward. He accounts for the ac- 
cumulation of sand on the north side of breakwaters along this coast by 
the action of the surf, in storms blowing from the north which is more 
transient than the currents proper and would affect the southern part of 
Lake Michigan only when the wind was in the north. This occasional 
phenomenon is very efficient when it occurs. He concludes that the esti- 
mates of the time involved in the formation of beaches have less value 
than they would have if the accumulations were due more largely to 
lake currents. 

“Considerable study of the movement of water in Lake Michigan has 
been made by the Chicago Drainage Commission, largely under the direc- 
tion of Professor Cooley. As a result of these investigations, which in- 
volve not only a study of bottle papers but also a thorough canvass of the 
opinions of lake captains and an examination of breakwaters, Cooley has 
reached the conclusion that the effective work on the shores is due to 
waves and not to currents, and it is a matter of doubt if this lake has 
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Hoosier Slide as viewed across the docks at Michigan City. The entire foreground is a solid 
expanse of sand. 


Hoosier Slide as viewed across the docks at Michigan City. Chicago-Michigan City steamer 
“Roosevelt”’ in the foreground. 
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such a system of currents as is indicated- by Professor Harrington’s 
charts. The movement of the water seems to depend mainly upon the 
wind, but is governed to some degree by the contour of the shores. If 
the north winds prevail for a few days, as is often the case in the spring 
months, the surface water appears to have a southward movement through- 
out the breadth of the lake, and return currents must be at some depth. 
On the other hand, a prevailing south wind, such as occurs for short 
periods during the summer, will induce a northward movement across 
the entire breadth of the lake. Tne contours of the shore seem to favor 
a northward movement from direct west winds in the north half and a 
southward movement in the south half of the lake. As the prevailing 
winds are often from the west, these become the most protracted of the 
movements of the surface water. Cooley has found that breakwaters 
along the shore support this interpretation. In the southern half of the 
lake they are largely constructed to protect. the harbors from the drift 
on the north side, while in the northern half they are constructed to 
protect them from drift coming from the south. In view of this ap- 
parently changeable course of lake movements, it seems doubtful if esti- 
mates, such as Dr. Andrews attempted, have the value that some have 
attached to them.* 

“Near the shore the bottom of Lake Michigan is uniformly covered 
with sand. At the shore line this sand is about ten feet deep and it ex- 
tends out to where the water reaches a depth of about thirty-five feet. 
Beyond this depth of water the lake bottom is composed of a stiff, tena- 
cious blue clay, which is said to contain partings, or pockets of sand from 
whence, in part, comes the supply which is constantly being carried to the 
shore by the waves. Much of this sand is doutbtless blown from the dunes 
by south winds back over the lake, and, falling on its surface is again 
brought to land. Moreover, by storms and by ice jams in the spring all 
projecting points along the lake are slowly worn down and the material 
composing them is carried out to be again returned and built up in a new 
place. Thus much of the sand is in constant circulation, and the necessary 
new supply is not as great as it seems to be. 

“Much gravel, consisting of pebbles ranging in size from the size of a 
hen’s egg to that of a small marble, is washed up by the waves to within 
a foot or two of the margin of the water. In many places it is raked out 


1U. S. G. S. Monograph XXXVIII, pp. 455-56. 


Uprooting of trees on sand dunes at Dune Park Ind. Wind ripples in foreground 


Uprooting of tree caused by’ the south side of the dune being disturbed by the building of 
interurban line. The sand at once began to move on and the old dune was destroyed. 
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by hand and carted beyond the reach of the high storm waves, and after- 
wards loaded and shipped by rail to Chicago, where it is used in roofing 
and concrete pavements. The immediate source of this gravel doubtless is 
the blue glacial till which forms the greater part of the floor of the lake, 
since the composition of the pebbles plainly show that they came originally 
from formations which lie far to the northwest.” 

If a person stands upon the southern shore of the lake and observes 
the waves coming in, he will notice that each wave carries up a small 
quantity of sand, and when it is rolled up far enough to be out of the 
reach of other waves until it has had time to dry it is rolled farther inland 
by the wind and is added to the great mass of sand already accumulated, 
which goes to build up the dunes and the ridges. The surface of dry sand 
over which the wind blows for a considerable length of time is generally 
marked with ripples just as the sand in the bottom of a shallow stream. 
The ripples are small, but their shape and structure is the same as that 
of the larger dune of which they are a part. The long gentle slope of the 
dune is formed on the windward side. As the wind blows over the surface 
the current is turned upward, and as it passes over the crest an eddy is 
left on the leeward side and the grains roll over the crest and drop down- 
ward. Objects in the path of the dune influence the outline of the dune 
as shown in the page of diagrams. The transporting power of the wind 
varies as the sixth power of the velocity, i. e., if the velocity be doubled 
the carrying power is sixty-four times as great. Consequently any increase 
in velocity rapidly increases the carrying and erosive power. 

The grains of sand freshly brought up from the lake from the erosion 
of the shores are angular pieces of quartz, but soon become rounded by 
abrasion. The sand of the Lake Michigan region is of a light brown color, 
but when viewed at a distance in the sunlight has a very white appearance. 

Vegetation.—The surface of a great part of the dune area is without 
vegetation. The tops and sides exposed to the winds are in most cases 
bare, while in the swales between the ridges are shrubs and grasses of 
distinctly sand soil types. The bare surfaces gleam in the sunlight and 
give the appearance of great snowdrifts. On cloudy days the top of the 
ridges, the clouds and the lake in the background present a confused out- 
line. Farther inland the vegetation gets a better hold on the sand and 
many of the hills are practically covered with black and barren oaks, north- 


1JIndiana State Geological Report, 1897, p. 41, Blatchley. 


Sand dunes and ridges at Dune Park, Ind. Some vegetation finds a footing on the sides and 
in the swales. 


Buildings of the Sand Brick and Building Block Co., located in the southeast corner of 
Hoosier Slide. Raw material is close at hand and with natural transportation renewing the 
supply. 
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ern scrub pine and white pine, but often after a tree has attained consid- 
erable size and apparently firmly rooted, the crust of the surface is broken 
slightly in some manner, or the grasses and other protecting plants are 
burned and the wind again gets free action on the bare surface and the 
sand is moved along and the trees uprooted. On the other hand, the sand 
often drifts about a tree and wholly or partly covers the tree. If the top 
of the living tree be found to be projecting from a dune it is a good 
evidence of a recently constructed dune. In most cases the trees are dead, 
and after the twigs and limbs become brittle or decayed, they are broken 
from the main branches or trunk and blown away. The wind then again 
begins its work, and as new parts of the tree are exposed the process | 
continues and the sand once present has constructed new hills or ridges 
and the resurrected tree with only the trunk and larger branches stands 
as a marker of the former location of the sand. 

Animal life is rare in the dune region. Vegetation is too searece to 
furnish a sufficient supply of food. In the area quiet prevails but work is 
constantly going on, the surface is always being modified. 

2. The Sand-hills and Plains—This area in a very general way com- 
prises the tract of sand to the south of the principal dune area extending 
to the southern limit of the Kankakee marshes, and east to the gravelly 
moraines. The term “sand-hill” is used to describe ridges and uneven 
tracts of sand not in motion, either on account of partial consolidation, or 
because the sands are fixed by a natural growth of vegetation. 

In addition to the sand-dune and sand-hill areas, large tracts of sand 
are common, the surface of which is very even. Such areas occur usually 
in connection with the dune or hill areas, but are designated as “sand- 
plains” or “sand-prairies.” Such areas also occur along the old flood 
plains of rivers. Some of the best agricultural lands, and especially for 
the growing of small fruit, are found in these level sand tracts. The sand 
usually carries a large percentage of organic matter, and retains moisture 
sufficiently well to insure good yields except in times of long continued 
drought. The dry growing season of 1911 was a severe test on such soils. 
Sand-plains vary in size from the low narrow swales between dunes and 
ridges to areas many square miles in extent. 

In the area under consideration the sand ridges and hills occupy south- 
eastern Starke, the greater part of Pulaski and the central portion of 
Jasper and Newton Counties; all of which lie southeast of the Kankakee 
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marsh; also a narrow strip of ridges on the east and south borders of the 
sand area in Fulton, Cass, White and Jasper Counties; and the ridges 
from the southern limit of the typical dunes to the flats on the north of 
the Kankakee. Scattering ridges and ‘“‘sand-islands” are found scattering 
over the level portions of the sand area. 

The thickness of the sand varies much because of the irregularities 
of the surface. Over much of the region the sand is very thin except iu 
the ridges. Throughout much of the region wells are obtained without 
passing below the sand. They are shallow, having depths of ten feet or 
less on the level tracts and correspondingly deeper on the ridges. It would 
appear from all available data and estimates made that the sand is on an 
average about ten feet in thickness over the area. The ridges range in 
height from five to forty feet, but the majority are less than twenty feet. 
They vary in breadth from a few feet to an eighth of a mile, but in gen- 
eral are from two hundred to three hundred feet wide. The prevailing 
trend of the ridges is usually easily determined, but in places they wind 
about apparently without system. Mr. Leverette, Dr. Chamberlin and 
Professor Purdue have attempted to work out a system of the ridges and 
the bouldery tracts associated with the ridges. Further study of the region 
is contemplated to work out the system. 

“Those on the east border in Pulaski County, Indiana, show a tend- 
ency to a north to south trend, while those on the south border in Cass, 
White and Jasper Counties trend nearly east to west. Those on the south 
border of the Kankakee trend about with the course of the stream, south 
of west in the indiana portion, and north of west in the Illinois portion. 
Between the ridges bordering the Kankakee in Indiana, and those on the 
south and east borders of the sand area, the trend is not so easily sys- 
tematized. The ridges there are arranged in groups and strips, among 
which there are extensive plain tracts, often boulder strewn ard having 
only a thin sand covering.’—U. S. G. S. Monograph XXXVI, p. 332-33. 

The soils of the area vary from peat and muck, with a considerable 
percentage of sand and high in organic content, to the loose barren sands. 
Much of the area is low lying and marshy, thousands of acres of which 
have not been reclaimed for agricultural purposes. In the undulating and 
rolling parts the soil is chiefly a fine sandy loam, with good natural drain- 
age. All the ordinary crops are grown to some extent and many special 


crops are of great importance in the region. While much of this land has 
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Showing stratification lines in sand dune at Michigan City. 


Markings caused by slumpings in sand dunes, Michigan City. 
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been considered worthless, present indications are that all will be reclaimed 
and made to yield good returns. The nearness to Chicago makes the region 
of special value for truck farming and the growing of small fruit. 

3. Sand Plains of the Wabash Valley.—All along the course of the 
Wabash from its source to its mouth are found deposits of gravel and sand 
which are of great importance. From Parke County to the mouth of the 
river are extensive level stretches of sand occupying the area between 
the lower bottoms of the river and main tributaries and the higher uplands 
to the east. These sand tracts have the widest development and the most 
even topography through Vigo, Sullivan and Knox Counties; in the greater 
part of the widest expanse being from two to five miles in width and with 
a very even surface. This part of the area consists of a sandy loam with 
a high percentage of organic matter, giving the soil a very dark color and 
rendering it of high agricultural value. It is devoted chiefly to the grow- 
ing of corn. In the region about Carlisle in Sullivan County the sand is 
built up into hills and ridges rising in some places to considerable height. 
This region is devoted chiefly to the growing of cowpeas. They make a 
very rank growth of a good quality. A very similar type of topography is 
found in the region about Emison in Knox County and in the part of the 
county to the south of Merom and extending southward past Decker into 
the region about Owensville in Gibson County. Melons are grown on al: 
these sandy soils, but the great melon producing part of the State is in 
the vicinity of Decker and Owensville. The growing of melons has in- 
creased the price of the sand land in the past ten years from about $20 
an acre to $100 or more. 

From the neighborhood of Decker southward the sand is of a coarser 
quality than that farther to the north. In the coarser sands the soils are 
so porous and so well drained that they are poorly adapted to the general 
farm crops. Much of the sand strip from Hazelton to New Harmony has 
in many places a typical dune topography, but in general it has been some- 
what modified by the reworking of the surface and by the effects of the 
natural growth of vegetation. Low swales are also present which are 
dificult or impossible to drain. These dune deposits are due either to 
recent agencies or represent a transitional stage between the deposits from 
the flood waters of the Wisconsin stage and the recent stages. The ma- 


terial of the dunes is a coarse quartz sand which in some places shows 
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some degree of stratification. The sand varies in thickness from a thin 
coating to 100 feet or more. 

To the south of New Harmony the same type occurs, but in many 
places it appears a true sandy loam. In addition to the areas of sand 
mentioned above, many areas of small extent and varying quality occur 
in the lower bottoms along the river. 

4. The Deposits Along the Ohio River.—Great bars and deposits of 
sand occur in the bends of the Ohio River all along its course, but no 
valley deposits of importance occur until below Rockport. From this point 
to the junction of the Ohio and the Wabash there is a continuous deposit 
of sand except where broken by the bluffs coming down to the river, as at 
Rockport. The most characteristic occurrence of the sand is in a narrow, 
persistent ridge lying only a short distance back from the river. The slope 
on the river side is rather abrupt while inland the slope is long and gentle. 
This ridge seems to have been formed before the river cut its channel down 
to the present level. During times of overflow the coarser materials were 
deposited near the channel and the finer grades carried farther inland, 
thus forming a natural levee along the river. 

5. The Deposits Along White River and Its Tributaries.—Both forks 
of White River have considerable deposits of sand and gravel along their 
courses and have contributed much to road material, building sand, ete. 
Along the east fork large quantities of sand occur in the bed of the river 
at Brownstown, and south of Bedford old stream deposits furnish much 
sand for ballast and other purposes. Here on the south side of the river 
the sand is built up into dune-like hillocks. At West Shoals considerable 
sand occurs in the present valley, and also on the top of the bluff is a 
deposit made by the stream in its early history. Again to the west at 
Portersville river sand occurs on the bluff. From this point to Petersburg 
the sand continues in an irregular line, and from there to Hazleton the 
area widens and becomes a part of the line of the Wabash deposits. 
Through Greene and Daviess Counties considerable sand occurs along the 
west fork, but in most places where it occurs it becomes a sandy loam. 
To the northwest of Bloomfield some magnetite is found in the sand, and 
similar deposits of less extent occur at other points to the north along 
the main stream and its tributaries. 
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ANCIENT PIPEs. 


ANDREW J. BIGNEY. 

The customs of ancient peoples are always interesting and instructive. 
Several pipes of rare occurrence have come into the possession of the 
museum of Moores Hill College. Some brief notes are here presented. 

No. I is a very large pipe measuring nine inches long and the bowl 
end four inches, and 24 inches in width. It is made of soapstone. Its 
place of occurrence is not known. 

No. II is a pipe of the mound builders. The place where it was found 
is not known. 

No. III is an unfinished mound builder’s pipe. This is particularly 
interesting because it is unfinished. 

No. IV is a very old pipe showing the rude drawings on it of some 
prehistoric people. 

No. V is probably a more recent pipe. It no doubt was used by the 


early Indians. 
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POLARIZATION OF CADMIUM CELLS. 
By R. R. RAMSAY. 


This work is a continuation of some work reported at a previous meet- 
ing (Ind. Acad. Proc. 1909), in which it was shown that if a cadmium 
cell was polarized it would regain its normal E. M. F., if the cell contained 
mercurous sulphate, but:would remain polarized if the mercurous sulphate 
was absent. In that paper it was stated that when the mercury from the 
polarized cell was sparked, a spectroscope showed the cadmium lines. 
Since then I have been able to obtain a photographic record of the fact, 
which I present at this time. The photographs were made with a large 
Hilger quartz spectograph using Cramer spectrum plates, which are 
sensitive for the entire visible spectrum and far up into the ultra violet. 

The cadmium amalgam from the mercury terminal of the polarized 
cell was placed in a small are lamp made as follows: The lower terminal 
was made of the amalgam in a quartz tube which had a heavy copper wire 
leading into the bottom. Fireclay was used to make the tube mercury 
tight around the wire. The upper terminal of the are was a heavy copper 
wire. After filling the cup with the amalgam the terminals were drawn 
apart and an are could be maintained for about 10 seconds, after which 
it was necessary to fill the cup again with the amalgam. The current 
strength was about three amperes. The are was focused upon the slit of 
the spectrograph by means of a quartz lens. The spectrum of the amal- 
gam is shown, together with the spectrum of mercury taken with the same 
are lamp, the spectrum of cadmium are between C. P. cadmium rods and 
also the spectrum of an are between copper terminals. Referring to the 
plate beginning at the top: We have 1st, mercury are of short exposure, 
the brighter lines showing on the plate; 2d, the cadmium amalgam are 
made with three different lengths of slit, thus bringing out the fainter 
lines and avoiding to some extent the blurring due to the brighter. lines ; 
3d, the spectrum of the cadmium are, showing four lines in the visible 
spectrum, which can be identified in the cadmium amalgam spectrum, to- 
gether with a large number in the ultra violet; 4th, the spectrum of the 
copper are. The wave lengths of several of the more prominent lines are 
marked. This will serve to give one an idea of the accuracy of the scale 
as well as to identify the copper lines; 5th, the mercury are of long ex- 
posure; 6th, the cadmium amalgam are, and, 7th, the cadmium arc. 
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Tue Errect oF PRESSURE ON A CADIMUM CELL. 


3y R. R. RAMSEY. 


This work is an extension of some work done in 1901 (Phys. Rev., 
Vo). 18, July, 1901), in which the pressure was raised to 3800 atmospheres. 
In 1909 there appeared the work of Cohen and Swinge (Zeit. Phys. Chem. 


67, 5 pp. 513, Sept., 1909), in which the cell was placed under a pressure 


ot 750 atmospheres. Within the past year the Department of Physics has 
secured a compression pump extending to 1,000 kilograms per square centi- 
meter (1 atmosphere=1,033 kilogram per square centimeter) and inasmuch 
as Cohen and Swinge’s results were not in exact accord with my former 
results I thought it well to repeat and extend the work. 
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The apparatus and plan of the experiment was practically the same 
as in my former work. The pump was a Ducretet compression pump fitted 
with a gauge recording pressure up to 1,000 kilograms per square centi- 
meter. The cell is made in the H form with very short connecting tube 


(Fig. I), so that it will go inside the piezometer (Fig. II), whose inside 


fe 


Fig III. 
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diameter is three centimeters. The top of the cell is drawn to a capillary 
after the electrodes and cadimium sulphate crystals are placed inside. The 
cell is then immersed in kerosene inside the piezometer. A special cap 
was made for the piezometer. This cap has two insulated connections 
leading through it so that the cell can be connected to a potentiometer. 
The piezometer is connected to the pump with a copper tube of small in- 
side diameter. The potentiometer (Fig. III), is so arranged that the cell 
can be compared with a standard Weston cell and also so that the differ- 
ence between the cell under pressure and a second cell can be measured. 
This second cell is immersed in a quantity of kerosene and placed as close 
as possible to the piezometer. In this way any fluctuations due to change 
of room temperature will be avoided. 

The results are given in Table I. 


TABLE I. 

Pressure in Killograms per Change of E. M. F. ue 
E 5 Average —. 
Square Centimeter. in Volts. an 
100 7.X10-* Volts. 7.X10-8 

200 13.3 6.65 

300 19.3 6.23 

400 26 6.5 

500 32.4 6.28 

600 38.7 6.45 

700 44.6 6.37 

800 50.7 6.33 

COON “enn | ome ees A ae Cl ee oe 
1000 64.7 6.47 


Mean, 6.47 


The results are also shown in a curve (Fig. IV). The average value 
of ie is 6.47 x10~ volts per kilogram per square centimeter. 
In the previous work a cell was made of heavy glass tubing and sub- 


jected to pressure up to 75 atmospheres, at which pressure the cell burst. 


The result for this method was 6.02 10~* volts per atmosphere. 

The result for the piezometer method obtained at that time was 7.6 x 10° 
volts per atmosphere. Cohen and Swinge have found the value 6.28 x 10° 
volts per atmosphere for a pressure up to 750 atmospheres. The E. M. F. 
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when first placed under pressure is increased more than the value given 
above. The pressure caused an increase of the temperature of the oil and 
a decrease of the temperature of the electrolyte in the neighborhood of the 
erystals. This has been shown by means of a thermo-junction. The exact 
results will be reserved for further investigation. 

Both these temperature changes affect the EH. M. F. of the cell. After 
a time, a half hour say, the cell reaches a constant H. M. F. When the 
cell was first placed under a pressure of 1,000 the HE. M. F. was changed 


78x10-! volts. The final change a‘ter thirty minutes was 6.47 x 107 volts. 


Indiana University, February 2, 1912 
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NOTES ON THE CALIBRATION AND USE OF THE BALLISTIC 
GALVANOMETER. 


By C. M. SMITH. 


The ballistic galvanometer is an important adjunct to an electrical 
laboratory, inasmuch as it integrates the transient and varying currents 
in the ease of circuits which contain inductance or capacity or both. [ff 
the time constant of the circuit is small compared with the quarter period 
of the suspended system of the galvanometer, the first throw is propor- 


tional to the total charge which passes, or Q= f/ idt=G¢. Where Q is the 
charge, ¢@ is the observed first throw, and G is a constant expressed iu 
terms of coulombs or micro-coulombs per scale division. To interpret any 
reading the galvanometer must be calibrated by passing through it a 
known charge and observing the resulting first throw, the quotient giving 
the value of G. 

This first throw is reduced somewhat by the so-called “damping,” by 
which is meant the effect of all those resisting forces which tend to absorb 
the energy of a vibrating system, of any sort whatever. These forces are 
generally assumed to be proportional to the velocity of the moving parts, 
although there is no reason @ priori why they should not depend upon other 
functions of the velocity, as indeed they appear to do in some cases. How- 
eyer, long experience has shown that the simple proportion above stated 
is a satisfactory generalization for slowly moving bodies, and one which 
introduced into the general equations of motion leads to results quite in 
accordance with experimental observations, for a large class of physical 
problems. 

The earlier forms of ballistic galvanometer, now seldom seen in actual 
service, were designed with small, highly polished needles of the Siemens 
pattern, bell-shaped and slotted, and usually arranged much like the Kelvin 
galvanometers of the same period, astatic, and highly sensitive. An essen- 
tial feature, as pointed out in the older text-books, was that the damping 
should be a minimum, in this type of galvanometer being due to fiber vis- 


cosity, air friction and the electro-magnetic reactions of induced currents, 
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this latter effect however being very small. Such damping as did occur 
was corrected for by the use of that convenient fiction, the throw which 
would have occurred if there had been no damping, which is given by 


02) 


where ¢ is the observed throw and 2 is the logarithmic decrement of Gauss, 
which is the natural logarithm of the ratio of successive amplitudes. 

This method was known to lack precision, and indeed became unusable 
when the logarithmic decrement reached a value of 0.4 or 0.5. A common 
laboratory experiment! of this period was one designed to determine the 
resistance of a galvanometer or of an unknown coil in terms of the loga- 
rithmic decrements taken successively on open circuit, circuit closed through 
the galvanometer only, and circuit closed including the resistance to be 
measured. Satisfactory results were possible only with a needle of large 
magnetic leakage, and with special adjustments of the coils. 

With the introduction of the suspended coil type of galvanometer and 
its rapid displacement of earlier types, it claimed attention also as a val- 
uable and accurate ballistic instrument. However the normal damping is 
much greater in this case, first because of the increased air friction as 
compared with that acting on the small polished bell-shaped steel needles, 
and second because of the very greatly increased electro-magnetic reac- 
tions due to induced currents circulating within the coil itself. 

In passing from the older to the newer type there are certain consider- 
ations which require careful attention, inasmuch as the methods applicable 
to the older type will usually lead to incorrect results if applied to the sus- 
pended coil type. Particularly is this true in calibrating the galvanometer. 
With the older type concordant results were obtained either with a stand- 
ard cell and condenser, or with a mutual inductance, the logarithmic de- 
crement being calculated in either case, and the appropriate corrections 
being applied. But with the suspended coil galvanometer, where the elec- 
tromagnetic damping is large frequently indeed causing the motion to lose 
its oscillatory character entirely and become aperiodic, it is impracticable 
to calculate or use the logarithmic decrement in the regular way. It is 
then clear that the damping, and hence the discordance between the ob- 
served and fictitious throws will not only be large, but will be a function 
of the resistance in the external circuit, which function is not easy to de- 
termine. 


1 Kohlrausch, Lehrbuch der Prak, Physik. 9th ed., p. 399. 
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Regarding this matter of calibration, existing hand books, laboratory 
text books, and maker’s catalogs are not clear, and the reader, whether he 
be a student, an inexperienced instructor, or a practical man can be, and to 
to the writer's knowledge often is, misled. In discussing the use of the 
ballistic galvanometer in iron testing for example, the statement in va- 
rious sources which should be authoritative is not infrequently seen, that 
the galvanometer may be calibrated with a standard cell and condenser, 
and students have keen known to follow these directions, without counsel 
from the instructor, although the condenser was introducing perhaps 4,000 
megohms in series with the galvanometer, while the resistance of the sec- 
ondary circuit otherwise used was less than 100 ohms. This procedure may 
give rise to errors of several hundred per cent. with corresponding influence 
en the values for the B-H curve. 

Recognizing that this problem is satisfactorily treated in much of the 
existing literature, it must also be admitted that many of the current helps, 
to which one first turns for reference, are quite inadequate and mislead- 
ing, and it is the purpose of this article to offer a wider discussion of the 
facts. A single example with calibration curves of a Leeds and Northrup 
type H galvanometer will serve to illustrate the principle. In figure 1, 
curve D gives the relation of charge to deflection for the case of calibra- 
tion with o.standard condenser. For the same galvanometer, A, B and C 
are the corresponding calibration curves when the total circuit resistances 
ure respectively 486, SSC, and 1,486 ohms. These curves show clearly the 
influence of diminishing total circuit resistance upon the value of the gal- 
vanometer constant. Curve D shows 8.2 scale divisions for 1 micro-coulomb, 
while curve A, for a circuit resistance of 486 ohms, shows 1.4 scale di- 
visions for the same charge. 

Curves A, B, C, and D were taken with the small rectangular damp- 
ing coil removed. <A similar set of curves, A,, B,, C,, and D, give the cali 
bration values after the damping coil has been removed. 

Various suggestions have been made for calculating the true value of 
the ballistic constant for any given condition from the known constants of 
the galvanometer such as period, moment of inertia, moment of torsion, 
strength of field, ete. These methods, entirely adequate theoretically, are 
nevertheless difficult to apply practically, because the values of the con- 
stants are seldom known with sufficient precision, and are themselves liable 
ic change when the galvanometer is readjusted. 
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To eliminate the effect of damping due to eddy currents two sugges- 
tions have been made. (1) to insert in the galvanometer circuit a special 
key so arranged as to break the galvanometer circuit a brief instant after 
the charge has passed, thus securing always the open circuit conditions of 
curve D; (2) to insert a special key in the galvanometer circuit so ar- 
ranged that the galvanometer will always be closed through a circuit of 
constant resistance. Both of these methods are satisfactory, but only with 
perfectly operating keys, which condition is not easy to secure. 

By far the safest and most convenient procedure is then to calibrate 
the galvanometer for the precise conditions under which it is to be used. 
This may readily be carried out by permanently including in the galvano- 
meter circuit the secondary coil of a standard mutual inductance, and by 
simply reversing a known current in the primary circuit the constant can 
be accurately determiued from the resulting throw. 

For a standard of mutual inductance it has long been customary tuo 
rely on the long solenoid with a short coaxial solenoid for a secondary 
coil. Unless these are well made, with exceptional care and by experienced 
hands, they are by no means standard. The writer has measured the mu- 
tual inductance of a large number of such coils from different makers, and 
the subjoined table will show the discordances between mensured and cal- 


culated values for a few of them. 


SoLENOID. Calculated. Measured. oe ont . 
Variation. 
Ree rt tS oe et tS 2.411 2.428 0.7% 
PAS ait coc Sie OR Re eee 1.779 1.878 Deo 
iG wns ree 1.010 1.053 4.0 
A NE Oy Sys See pn el coal 0.609 0.581 4.7 
Eoin ie CaS erate Caen pena 1.027 1.068 3.8 
ee a NEN Sh NONE No 0.539 0.544 | 0.8 
tf cst Gcuthe cine RRO Tear ET OTE nn cena 1-5: 2.1526 2.1560 0.17 
(chs to Sthoelo OO eae te ee Soa ay 1.0436 1.0560 1.2 
eee eae sean eos ree a 1.056 1.073 1.6 


The calculated values were all secured from the approximate formula 
based on 47 ni as the value of the field at the center of a solenoid, while 
the measured values were obtained by Maxwell’s method, by comparisou 
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with a marble spool standard for which the Bureau of Standards had 
furnished values. These coils represent several makers, and one, No. 7, 
was made by the writer. It is known to be the practice of some makers 
to wind the coils with only approximate measurements and data, then to 
standardize them against a known value and subsequently to adjust cer- 
tain factors in the data so that the calculated and measured values agree. 

It has long the writer’s belief that, except as a brief laboratory 
exercise, to show the student how a standard mutual inductance may be 
realized, the coaxial solenoids should be replaced by calibrated standards, 
wound preferably on white marble spools thoroughly varnished and baked 
hard. ‘These when calibrated at the Bureau of Standards or elsewhere 


are very permanent, convenient and reliable. 


Purdue University. 
Lafayette, Ind. 
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QUALITATIVE DETECTION AND SEPARATION OF POTASSIUM AND SODIUM. 


I. C. MATHERS AND I. E. LEE. 


The qualitative detection and separation of potassium and sodium is 
less satisfactory than tests for any other group. Some manuals have 
abandoned wet methods and use spectrum tests. This is objectionable on 
account of the great difficulty in testing for potassium in the presence of 
an excess of sodium and also because the test is so delicate that sodium is 
detected in almost every chemical substance. 

The test for sodium with potassium pyroantimonate has been unsatis- 
factory in this laboratory. There are numerous excellent and satisfactory 
tests for potassium. 

A new method which has been tried in this laboratory and which has 
been found satisfactory is as follows: Separate the hydrogen sulphide 
and ammonium sulphide groups by the ordinary methods. Then precipi- 
tate barium, strontium, and calcium with ammonium carbonate. This 
leaves, in the solution, magnesium, potassium, sodium, and ammonium 
salts and perhaps traces of barium, strontium, and calcium, which are 
sometimes incompletely precipitated by ammonium carbonate. 

Introduce this solution into a small evaporating dish and evaporate to 
dryness. Heat (in the hood) over the free gas flame until the ammonium 
ecmpounds are completely volatilized, i. e., until white fumes are no longer 
given off. 

Allow the dish to cool, dissolve the residue in about one-fourth of a 
test tube full of distilled water (5-7 ce.) and add 2 to 3 ce. of alcohol (not 
more than an equal volume of alcohol should be added) and then add a 
few drops of sulphuric acid? and filter (I) through a small paper but do 
pot wash. Discard the residue. 

Transfer about one cubic centimeter of filtrate I to a test tube and add 
one drop of sodium cobaltic nitrate, Na,Co (No,),. 

A. No precipitate is formed. Proceed as in B, 2, for the detection of 
sodium. 


tThe sulphurie acid will remove any barium, strontium, or calcium which was 
not precipitated by the ammonium carbonate. 
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B. <A yellow precipitate proves the presence of potassium in the solu- 
tion (ammonium compounds must be absent). 

1. To the remainder of filtrate I add an excess of perchloric acid’. 
A. white crystalline precipitate of potassium perchlorate is formed.  Fil- 
ter (II) and test a few drops of filtrate IT with the sodium cobaltie ni- 
trite. If a precipitate is formed, add to the filtrate II more perchloric 
acid, filter again and test as above. When the sodium cobaltic nitrite 
shows that all potassium has been removed by the perchloric acid, proceed 
as directed in B, 2, for the detection of sodium. 

2. 'To the filtrate from B, 1, add a few drops of hydrofluosilicie acid, 
H’Sik’. <A cloudy floceculent precipitate indicates the presence of sodium 
in the solution. This precipitate is not very voluminous and must be 
looked for carefully if only a little sodium is present. Turn the test tube 
and examine the sides for adhering precipitate. 

This method has been tried in this laboratory with excellent results. 
Some of the advantages are: 

1. Magnesium does not interfere and need not be removed. Mag- 
nesium perchlorate is very soluble. Magnesium fluosilicate is soluble and 
only precipitated, even in the alcohol solution, when large amounts are 
present. 

2. The test for sodium is delicate but traces of sodium which are 
present in so many reagents are not detected. This is an advantage over 
the spectrum test where all substances show sodium. 

83. The tests are simple and easily understood and followed by the 
students. 

4. The tests are decisive and the student has confidence in his work. 

5. Only a short time is required to make a test. 


2'The perehlorie acid must be free from sodium but the presence of potassium 
does no harm because potassium is detected previously, by the use of sodium co- 
baltie nitrite, and any potassium present is precipitated by the alcoholic perchloric 
acid solution. 


Indiana University, 


Bloomington, Indiana. 
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AN APPARATUS FOR '"HE STUDY OF THE RADIATION FROM COVERED 
AND UNCOVERED STEAM PIPEs. 


se KO): . SILVEY AND G. E. GR: : 
Bye OF We Sit AND G. E. GRANTHAM 


“The measurement of the efficiency of materials in preventing loss of 
heat from bodies involves the determination of the constant K in the 
expression : 


2 DE 
~ A (tz=ti) 
Where D = ‘thickness of the: specimen. 


K 


H = Amount of heat per see. flowing through A. 
A = Area of specimen. 

ti = Temperature of cooler side of specimen. 

t. = Temperature of hotter side cf specimen. 

“The determination of H, ti, and t, are attended with considerable 
difficulty if accurate work is attempted, and for much engineering work 
the relative efficiency of two coverings for heated surfaces is all that is 
required. For the testing of the relative efficiency of two such substances 
as are commonly used for covering steam pipes, or for determining the 
relation between the heat loss from a covered pipe and that from an un- 
covered pipe, the following method has been found suitable: 

“The apparatus consists of two short pieces of steam pipe which may 
be heated electrically from within by means of a current bearing coil 
of wire immersed in oil. If sufficient electrical energy be supplied, the 
pipe becomes gradually heated to some temperature at which the amount 
of heat energy lost to the surroundings is just equal to the electrical 
energy supplied to the heating coil. By measuring the electrical energy 
with an ammeter and voltmeter we may find at once the amount of heat 
lost from the pipe by radiation, convection, and conduction. At some 
temperature the heat loss would be such as to require some other rate of 
energy supply to keep the temperature of the pipe constant, and the 
electrical suppiy would, therefore, have to be varied. Again, if the bare 
pipe be heated to some convenient reference temperature (200°C is 
usually selected for testing steam pipe covers) and the current adjusted 


rts 


It 


Fig. 
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until a condition of temperature equilibrium is obtained—that is, the 


electrical input just compensates for the thermal output—and a second, 
and exactly similar pipe, be covered with a ‘non-conducting’ cover and 
heated in the same manner, it will be found that much less electrical 
energy is needed to keep the covered pipe hot than is required by the 
bare pipe. The difference represents the saving due to the use of the 
cevering.’—Laboratory Notes, Massachusetts Institute of Technology. 

In accordance with the above plan, we are now using for a_ lab- 
eratory exercise for engineering students the apparatus shown in Fig. 1. 
Two pieces of ordinary three-inch gas pipe of equal length (40 inches), 
ure closed by means of caps at both ends. They are mounted on an oaken 
support, and separated by a $-inch oak board, which prevents one pipe 
receiving heat from the other. Three short pipes are fitted into holes in 
the upper cap extending through about an inch; one (B. Fig. 2), of 
2-inch pipe, five inches long in the center, another (A), of 4-inch pipe, five 
inches long, for the support of a thermometer, and a third (C), of 3-inch 
pipe, nine inches long on the opposite side of the center from the second, 
for the lead wires of the heating coil. 

The heating coils (G), made of No. 16 advance wire, are wound on a 
paper-insulated brass tube, which extends along the axis of the pipe. 
Each turn of the coil is separated from the neighboring coil by a hemp 
cord. The tube is held in position at the top by telescoping over the lower 
end of the pipe which pierces the middle of the cap. At the lower end 
it is held in position by a wooden frame (FEF), clamped rigidly around it 
by means of screws. This frame also holds firmly the lower end of the 
heating coil and the lower part of the paper insulation. A similar clamp 
holds the upper end of the coil and insulation. 

The two pipes are covered alike at the ends by means of magnesia 
covering one inch thick (D and F), leaving 36 inches of each one bare. 
Brass collars having a flange extending out flush with the circumference 
of the covering are clamped to the pipes and prevent the end covering from 
slipping along the pipes. When a test is to be made, a piece of pipe 
covering of regulation length (386 in.) and suitable size, is placed on one 
of the pipes, thus completely covering it, while the other one has an 
equal length left bare. 

The tube (Fig. 3), upon which the heating coil is wound, acts also as 
the cylinder for a pump, by means of which the oil is stirred. It is % inch 


232 


CUNT TEU 
IONAUT AA 


Ze <<a 


(peace SSE ER! RESET SED EAR DIETS ET © | 
mmc LILTL LLL LILI | 


XQ 


¥ i ae ees CES, on 
i 7 . 
SE LOCH LILLE LLL V3GA te 


233 


in diameter and has near the bottom a hollow wooden cylinder (HH), upon 
which rests a small marble, which acts as a valve. The piston of the 
pump is made of a smaller tube, which is just large enough to slip easily 
inside the 3-inch tube. The valve in it is of the same type as the one at 
the bottom of the tube. The piston rods extend through the central hole 
at the top of the heating pipe, and are attached to a lever which is piv- 
oted to a support fastened to the oaken partition. 

Above the pipes is mounted a switchboard (Fig. 1), containing the 
unecessary measuring instruments. The ammeter on the right side of the 
switchboard measures the current used in heating the covered pipe, and 
the one in the upper central part of the board measures the current used 
in heating the uncovered pipe. The two coils are in multiple circuit, and 
when switch C is closed current passes through both coils, the amount 
in each coil being regulated by the two rheostats. The upper rheostat 
controls the current in the covered pipe, and the lower one controls the 
current in the uncovered pipe. When the switch on the left side of the 
board is thrown, closing circuit A, the voltmeter is connected to the 
terminals of the coil in the unjacketed pipe, and when thrown, closing 
circuit B, it is connected to the terminals of the jacketed pipe. Switch 
B is in multiple circuit with an impedance coil, and may be used when 
a large circuit is needed in the heating coils. 

Each of the heating coils has a resistance of about 6.5 ohms, the im- 
pedance coil a resistance of about 9.8 ohms, and each rheostat has a re- 
sistance of 7.5 ohms when all is used. At the outset of a measurement 
the resistance of the rheostats is thrown in, switch D is closed, then the 
sides of the rheostats moved until the current in the covered pipe is § 
amperes. The oil in the pipes is stirred by means of the pumps. When 
the temperature of about 100° C. is reached switch D is opened, and 
while the oil is vigorously stirred the current is regulated until the tem- 
perature of both pipes is kept at the same constant value. After the two 
pipes have kept at the same constant temperature for about ten minutes, 
the temperature of each oil bath, the voltage at the terminals of each coil, 
and the current in each coil, is read. 

A record of the test is as follows: 

Outside diameter of pipes, 3.5 in. 
Length exposed, 36.0 in. 


Temperature of surroundings, 23.1° C. 
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UNCOVERED PIPE. CovERED PipE. 
Volts Amperes es Volts Amperes one 
Degrees C. Degrees C. 
38.5 5.5 98.8 24.0 4.1 98.9 
38.5 Ban 99.0 23.5 4.1 98.6 
$8.5 5.4 98.7 24.0 4.2 98.9 
39.0 5.5 98.8 23.0 4.2 98.9 
39.0 520 98.8 24.0 4.1 99.0 
39.0 5.5 99.0 24.0 4.2 99.0 
39.0 eo 99.0 23.5 4.1 99.0 
38.0 Doo 98.8 23.0 4.1 99.0 
38.5 Bn) 98.9 24.0 4.1 99.0 
38.3 5.4 98.9 24.0 4.1 99.0 
Mean, 38.63 5.48 98.88 23.7 4.13 98.93 


Average energy consumed by uncovered pipe, 211.69 watts. 
Average energy consumed by covered pipe, 97.88 watts. 


(211.69 — 97.88) + 211.69 = 53% the efficiency of the pipe cover- 


ing. 
211.69 watts = 0.283 horse-power 


97.88 watts = 0.131 horse-power. 


Difference = 113.81 watts = 0.152 horse-power. 
Area of radiating surface, 395.64 sq. in. = 2.74 sq. ft. 


113.81 x 107 + 4.2 x 107 = 27.09 cal. per second loss. 
=0.107 B. T. U. per second loss. 
0.107 x 3600 x 24 = 9240 B. T. U. loss per 24 hours. 
0.107 x 3600 x 24 x 365 = 337 x10* B. T. U. loss per year. 
301 X 10* = 2.74 = 123 x 10° B. T. U. loss per sq. ft. per year. 
“Problem: Compute the saving for the first year for 1,000 feet of 
three-inch pipe, assuming that the pipes are maintained at the tempera- 
ture used in the above test, that coal develops 14,000 B. T. U. per pound 
and costs $6.00 per ton, and that the loss in the boiler, etc., is 50%. The 
pipe covers cost 25 cents per square foot, and interest and depreciation 
are 10%.” 
Loss on 1,000 square feet of pipe per year 128 x 10° B. T. U. 
1 lb. coal gives up on combustion 14,000 B. T. U. 


, 


1 ton of coal gives up on combustion 28 x 10° B. T. U. 
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At 50% efficiency 14x10° B. T. U. are used in pipes at a cost of 
46.00. 

Cost of covering per 1,000 square feet at 25 cents per square foot, is 
$250.00; interest 10% = $25.00. 

Total $275.00. 

123 x 10° + 14 x 10°=87.9 tons of coal required. 

87.9 x 6 = $527.40 loss per 1,000 feet per year, 

$527.40 — $275.00 = $252.40 saving for the first year for a pipe cov- 
ering of 53% efficiency. 


Physical Laboratory of Purdue University, 
Lafayette, Ind. 
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ASH AND CALORIMETER TESTS oF CoAL PURCHASED BY INDIANA 
UNIVERSITY. 


By FRANK C. MATHERS AND IRA EK. LEE. 


Coal is purchased by Indiana University under a contract that all 
coal with ash greater than 15 per cent. shall be rejected. The analyses 
given in this paper represents the ash tests (and some determinations of 
British Thermal Units, B. T. U.) of the nut and slack coal which has 
been delivered by the Summit Mine under this contract. 

The sampling was done by an employe of the University in the follow- 
ing manner: The coal from six holes, each about 1.5 feet deep which 
were dug at uniform intervals into the car of coal, was mixed thoroughly. 
This large sample weighed 50-75 pounds. After the large lumps had been 
broken, the sample was quartered until about one pint remained. This 
sample was then brought to the laboratory... The analyses are upon 
samples dried at 103 to 110 degrees Centigrade for 0.5 hour. A Parr 
calorimeter was used in determinivg the British Thermal Units. 

The results are as follows: 


No. of cars Dates between which 


analyzed. delivered. Maximum. Minimum. Average. 
ibe Del Ol 148 9/1/09 & 7/16/10 13,470 AAR 25. 12,719 
Ash % 276 9/1/09 & 6/20/11 PapeAS) 6.37 11.647 


The ash determinations when averaged by months are as follows: 

September, 1909, 10.66; October, 10.583; November, 10.97; December, 
16.64. 

January, 1910, 11.25; February, 12.35; .March, 11.39; April, 11.50; 
May, 11.88; June, 10.26; July, 13.32; October, 11.80; November, 13.15; 
December, 10.81. 

January, 1911, 10.76; February, 10.07; March, 12.37; April, 11.41; 
Majy,- 1.33: 


1The analysis of the sample obtained by taking portions of coal from each 
wagon load from a car did not differ materially from the analysis of the sample 
obtained from the car in the manner described. This showed that the method of 
sampling was accurate. 


238 


There is no relation between time of year and low ash values. This 
indicates that the variation in ash and heating value is due to variation 
in the quality of the coal and not to any greater carelessness in mining 
due to rush periods, since high ash tests do not coincide with winter 
months. 

These determinations are presented on account of their value. They 
represent actual coal and show exactly’ the kind of coal that can be de- 
livered to customers. Many of the samples of coal which are furnished by 
the mine operators for analysis are improperly taken and do not rep- 
resent the average character of the coal. A small sample taken in a 
mine will almost always show a better analysis than a sample taken 
from a car. The official taking the sample leaves out the slate and takes 
only the coal. The miner puts in the car as much slate as the boss will 
aliow. A black, shiny lump of coal, picked up at random and submitted 
for analysis will show a higher grade than the dull, lusterless pieces. 
A United States bulletin advises mine officials to have analyses made of 
samples taken from cars and warns them that analyses of samples taken 
from mines will generally show a quality which cannot be reached in 
car iots. For example, the analyses of coals “from nineteen of the lead- 
ing mines of the State’ (Indiana)” show an average ash of 6.09 per cent. 
The analysis of coal from the Summit Mine as given in the same report 
shows 5.42 per cent. ash on the dry basis. No analysis in this laboratory 
of samples of Indiana coal, which were known to be accurately taken from 
cars, has shown such a low ash. Of course nut and slack coal is higher in 
ash and lower in B. T. U. than run-of-mine coal, but the difference be- 
tween 11.64 and 6.09 in ash is greater than really exists between the 
two grades of coal. 

It is of value to compare this Indiana coal with the coal purchased 
by the United States under rigid tests and specifications during the year 
1908-9. The following table shows the analyses of bituminous coals which 
were delivered under these specifications. The analyses of the coal pur- 
chased by Indiana University are also included in the table. 

1The rejected cars are included in the averages. 


1 31st Annual Report of Indiana Department of Geology and Natural Resources, 
page 21 (1906). 
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State Ash. (Ave mer aaa State.) 
Ising yAleial —Goccosuasscopomsocer yog0o Malet 14,321 
\WGSbWoneeoneh es Sood odo sc Hii Sieuehes ees 6.06 14,715 
MMM OS y 235, snejerapaieieroyeste sherehe exons Wi sksacrer wis GIS 12,437 
ANIEN OF NI01G aren, Batic Grove cee OG, Gs CLGERCREI OT On Ore 9.50 13,917 
WittiWel 66 gocneoooadcos Sysksrhysyy Jareas site: fp OactO) 14,941 
Many land cic ccc YS Ada ccs Vas te Mt ata o> ea A otsul 14,480 
Average of the six States........... >» 8.1020 14,1335.5 
MMP OVENINA Secs trailer vansesveravatacen esos a Fakes eG 12,719 


All the coal received by the United States Government from Virginia 
and West Virginia had percentages of ash 0.03 and 0.69 lower respectively 
than the average ash from “nineteen of the leading mines of the State 
(Indiana).”* Pennsylvania coal showed 1.70% more ash than the Indians 
coal. No one thinks that Indiana coal is as good as comparisons from 
these analyses indicate. However, if Indiana coal is given the value of 
11.64% ash and 12,719 B.T.U., it will occupy a position where it seems 
to belong. While there are objections to Indiana coal, nevertheless it makes 
a good showing when compared with the eastern coals, which are actually 
of a higher grade. A maximum number of heat units for a dollar is what 
one wishes in a coal and “* * * it is possible to burn coal of low 
heating value as efficiently as high grade coals.”* Indiana coal, as deliy- 
ered, generally contains more moisture than eastern coal, say 10 per cent. 
in the place of 3 per cent. There is, say 1 per cent., additional expense 
for the extra cost of handling the greater amount of ash in the Indiana 
coal. This gives eastern coal an advantage of, say 8 per cent., over 
Indiana coals, i.e., if two samples of coal (dried at 108 degrees Centi- 
grade) have equal calorimetric value, the Indiana coal, as delivered (with 
the water in it) is worth 8 per cent. less than the eastern coal. The 
Lb. T. U. values of Indiana coal, after deducting 8 per cent. for the excess 
of water and ash, were compared with the B. T. U. values of coals from 
the different States which are represented in the United States Purchase 
sull.? 

If one ton of Indiana coal is worth $2.00; then 

One ton of Pennsylvania coal is worth $2.45; 

One ton of West Virginia coal is worth $2.52; 

1J—ndiana Geological Report, loc. cit. 


2U. S. Geol. Survey Bull., No. 325, p. 94. ‘Four Hundred Steaming Tests.” 
* Loe. cit. 
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One ton of Illinois coal is worth $1.95; 

One ton of Alabama coal is werth $2.38; 

One ton of Virginia coal is worth $2.55; 

One ton of Maryland coal is worth $2.48. 

This gives a method of figuring the value in dollars and cents of east- 
ern coals compared with Indiana coal. This table is for average values of 
many grades of eastern coal, but for only one coal from Indiana. 

For example, if one ton of this Indiana nut and slack costs $1.60, the 
value of one ton of Pennsylvania coal (7.85% ash and 14,321 B. T. U.) is 
(160 x 245) /200, or the eastern coal is more economical, if it costs less 
than 196 cents. 

If Virginia coal is $2.50 per ton, then Indiana coal is more economical 


if it costs less than (250 x 200) /255, or 196 cents per ton. 


SUM MARY. 

The nut and slack coai which has been delivered to Indiana Univer- 
sity from the Summit Mine showed an average ash of 11.64% and an aver- 
age B. T. U. of 12,767. 

A comparison of this coal with the coal purchased by the United 
States during the year 1908-9 shows that the Indiana coal is inferior to 
the coal from Virginia, West Virginia, Pennsylvania, Maryland, Alabama, 
but superior to that from Tilinois. 

A method is given for calculating from the B. T. U. the relative value 
of Indiana coal compared with eastern coal. 

This article is an attempt to show the real worth of Indiana coal and 
to make clear the errors due to inaccurate sampling. The buyer of coal 
should know exactly what he purchases. Eastern coal has been incor- 
rectly sampled, the same as Indiana coal. Analyses and method of sam- 
pling given in the Government bulletin are without doubt correct. Analy- 
ses of Indiana coal from samples incorrectly taken are worthless for use 
in calculating the comparative values of the coals and should not be given 
the least weight or consideration by a purchaser of coal. 

It is urged that coal samples for analysis be taken from cars by 
some one who understands sampling. 

The figures given in this paper for Indiana coal are not assumed to 
be average values, since coal from only one mine is represented. The 
average value of Indiana coal can not be determined without making a 


series of analyses of proper samples from many Indiana mines. 


Indiana University, Bloomington. 
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RECOVERY OF SILVER FROM SILVER CHLORIDE RESIDUES. 


By FRANK C. MATHERS. 


The silver from any silver residue or solution can be easily precip- 
itated as the chloride. Some silver electro-plating experiments in this 
laboratory gave silver chloride residues which were treated in various 
ways for the recovery of the metallic silver. One of the schemes was so 
satisfactory that it is described in this paper. 

Metallic zine and hydrochloric or sulphuric acid will reduce silver 
chloride to metallic silver. The objection to this method is that it intro- 
duces any impurity which is in the zine into the metallic silver. Also the 
finely divided precipitate of silver is very difficult to filter and to wash 
free from the zine salts. 

If silver chloride is boiled in sodium hydroxide solution with glucose 
or other reducing sugar, it is reduced to metallic silver. The very serious 
objection to this method is that the finely divided silver is exceedingly 
dificult to filter and wash free from the sodum chloride. 

The method which has given the best results in this work is an 
electrolytic reduction scheme. The silver chloride was filtered and was 
washed free from soluble salts. The silver chloride, after drying, was 
transferred from the filter paper to a porcelain crucible and fused with a 
Bunsen burner. One end of a platinum wire was dipped into the fused 
mass just as it begun to solidify. This crucible, containing the silver 
chloride, was suspended by the platinum wire into a dilute sulphuric acid 
solution. ‘This platinum wire was connected as cathode. A platinum foil 
served as anode. The electric current should not be strong enough to heat 
the solution, since this would cause platinum to dissolve from the anode. 
After several hours of electrolysis, the crucible either drops away from 
the partially reduced silver chloride or may be removed easily by pushing 
with a rod. The electrolysis was continued until the large amount of 
hydrogen evolved from the cathode showed that the silver chloride was 
largely reduced. The electrolyte was changed, at intervals of several 
hours, until the odor of chlorine could not be detected in the gases which 
were given off. The reduced silver, which retained the shape of the cru- 


[1629034] 
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cible, was suspended in distilled water until the sulphuric aeid of the 
electrolyte was washed out. This pure silver was then ready for use 


again. 
The advantages of this method are: 
1. No metal or other impurity is introduced during the reduction. 
2. The silver which is obtained in a firm condition can be very easily 
handled. This avoids the very troublesome filtration of finely divided 


slimy silver, which is obtained by reduction with glucose. 


University of Indiana, Bloomington. 
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A New Gas GENERATOR. 


By RayMOoND BELLAMY. 


This generator is really so new that it exists only on paper. ‘There is, 
therefore, still a question as to its efficiency, although it is so simple in its 
construction that it can hardly fail to perform its work satisfactorily. It 
is designed for use whenever a gas is to be made by intermingling of a 
liquid and a solid and will be found to be especially adapted to the gen- 


eration of hydrogen sulphide for analytical work. 
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This generator’s claim to superiority is based on its simplicity of 
structure, its inexpensiveness and its ease of operation. All the special 
apparatus required is a bowl-shaped member, attached to an upright rod, 
the bowl being perforated. This can be made any size desired, but should 
be of some material which will resist chemical action, preferably glass. 
This can be used with a vessel constructed especially for the purpose, or 
with an ordinary wide-mouthed fiask or bottle. 

In use, the rod extends through one of the holes in an ordinary rub- 
ber stopper. Through the other hole is the tube furnishing an outlet for 
the gas. The acid or other liquid is put in the bottle or flask receptacle 
ond the solid is placed in the bowl-shaped member. Now when a quantity 
of gas is desired, by pressing downward on the rod, the bowl with its 
solids will be lowered into the liquid and the chemical action will begin. 
When a sufficient amount of the gas has been obtained, by raising the 
bowl out of the liquid the action will be stopped, as the acid will run out 
through the perforation in the bowl. This will save the unused chem- 
icals and prevent the escape of the poisonous and obnoxious gas. As a 
still further safeguard, the bowl can be constructed with a projection on 
it, this projection having a concave depression; this will be arranged in 
such a way that when the bowl-shaped member is lifted from the liquid, 
this depression will fit over the outlet for the gas and completely shut off 
the escape. 

The principle of the generator will be made clear by an examination 
of the accompanying drawing. 


Moores Hill, Indiana. 
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Some ABNORMAL PLANTS. 


By RAYMOND BELLAMY. 


While tramping across the country in northern Montana, my attention 
was caught by a plant of the Campanula rotundifolia (LL) species. This 
was remarkable for its abnormalities. It was in full bloom and the cen- 
tral stem appeared to be formed by the union of three separate stems, 
while all the flowers on this stem showed the same triple growth in all 
their parts. Surrounding this stem were a number of others, each of 
which showed a double arrangement. throughout, in the same manner that 
the central stem had showed a triple one. The specimen was preserved, 
but lost, along with a number of others, somewhere between there and 
Indiana. 

Another interesting abnormality was noticed this fall while sprouting 
some white beans for laboratory work. In the bunch were two that had 
three cotyledons, one being much smaller than the others, but seemingly 
as strong and full of vitality as they. 


Moores Hill, Indiana. 
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A Moptrtiep MetHop FoR THE DETERMINATION OF LEAD PEROXIDE 
IN Rep Leap. 


By A. R. NEES AND O. W. Brown. 


Two general methods are used for determining how near commercial 
red lead corresponds to the formula Pb,O,.. One method depends upon dis- 
solving the free litharge from the sample and assuming the residue to be 
pure Pb,O, Other methods depend upon the determination of the per 
cecent. of PbO, in the material, and calculating from this value the per cent. 
of Pb,O, in the sample. 

Mr. E. EF. Dunlap (J. Am. Chem. Soc. 30, p. 611) has proposed a 
method of determining the free litharge in red lead. He states that by 
digesting a sample of commercial red lead in a boiling dilute solution of 
lead acetate, all of the free litharge is dissolved and that the material re- 
maining corresponds to formula Pb,O, This method is employed in many 
commercial laboratories. However, the writers have not obtained accord- 
ant results when it is used, because the amount of litharge dissolved by 
the lead acetate solution depends upon the length of time the sample 
is digested. The analysis of a single sample by this method gaye 
results of 4.71% to 8.8% litharge when Mr. Dunlap’s directions were care- 
fully followed, and the time of digestion was varied from ten to thirty 
minutes. 

For accurate results the writers believe that it is necessary to use 
some of the methods for the determination of PbO.. A number of methods 
have been described in the literature and most of them have been tested 
in this laboratory. 

The method of Lux (Treadwell and Hall’s Quantitative Analysis, p. 
451) is based upon the fact that oxalic acid is oxidized by PbO. in dilute 
nitric acid solution. Our experience with this method is that it usually 
gives high results and that they are not concordant. <A series of deter- 
minations on the same sample gave results varying between 35.1% and 
31.54%. 

The method of Diehl as modified by Topf (Treadwell and Hall, p. 581) 
was also tried. This method depends upon the fact that potassium iodide 
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reduces lead peroxide in an acetic acid solution in the presence of an ex- 
cess of alkali acetate. The iodine liberated is titrated with N/10 sodium 
thiosulphate. This method gives concordant results when proper precau- 
tions are taken. The best results were obtained when the potassium iodide 
and sodum acetate were ground in a mortar, dissolved in 50% acetic acid, 
the sample then added and the solution diluted. It is essential that all of 
the lead iodide be dissolved. This is the chief objection to this method, 
since it usually requires considerable time and trouble to bring about the 
complete solution of the lead iodide. 

A method which has given good results is based upon the fact that 
dilute nitric acid will dissolve the PbO in red lead and leave behind the 
PboO.. Careful tests have shown that the concentration of the acid should 
be at least 1 to 20 and not stronger than 1 to 10. We proceeded as fol- 
lows: 

Digest a weighed quantity of about one gram in about 100 ¢c.c. of 
warm dilute nitric acid (1 part acid, 10 parts water by volume) for 
thirty minutes. The sample is then filtered and the residue of lead perox- 
ide washed with dilute (1 to 10) nitric acid, and then dissolved in equal 
parts of dilute nitric acid and hydrogen peroxide. This solution is evap- 
orated to dryness to remove oxides of nitrogen. The-evaporation carried 
out in a Kjeldahl flask to prevent spattering. ‘This residue of lead nitrate 
is dissolved dilute nitric acid and electroyzed in the usual way. This 
method gives good results but requires considerable time and very careful 
manipulation. A series of determinations on one sample gave the follow- 
ing percentage of lead peroxide: 32.04, 31.84, 31.86, 31.79, 31.89. 

The most rapid method for the determination of PbO, is distillation 
with hydrochloric acid. The PbO, reacts with the HCl to liberate free 
Cl according to the following reaction: 

PbO... 2PbO + SHel = 3PbCl, + 4H.0 + Cl.. 

The chief objection to this method, as described in the various books, 
is the cumbersome apparatus used. Cork or rubber stoppers on rubber 
connections of any kind can not be used because of the corrosive action 
of the strong Hel. After many trials we finally devised a very simple 
and workable apparatus. It consists essentially of a 100 c.c. distilling 
flask having a-long bent delivery tube and provided with a perfectly fitting 


eround glass stopper. The complete apparatus is shown in the figure. 
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The determination is carried out as follows: One gram of the sample 
is introduced into the distilling flask, together with a few lumps of pure 
magnesite. The neck of the flask is washed down with 5 to 10 c.c. of 
distilled water, then 40 to 45 ¢. © of concentrated HCl is added and the 
flask quickly stoppered. The delivery tube of the flask, which is drawn 
out to point, dips into a 100 ¢.¢. Nessler tube containing a 5 to 4 per cent. 
solution of potassium iodide. The chlorine given off liberates free iodine 


which is soluble in the excess of potassium iodide present. The amount 


of iodine !iberated is determined by titration with N/10 normal sodium 
thiosulphate solution. One ¢.¢. of N/10 sodium thiosulphate .01195 gm. 
of PbO,. 

The flask should be gently heated at the beginning of the reaction and 
strongly again at the end. During the intervening time, heating is un- 
necessary and undesirable, since it causes a too rapid evolution of gas. 
The action of hydrochloric acid on the magnesite causes the evolution 
of enough carbon dioxide to carry over all the chlorine except the last 


traces. Twenty to twenty-five minutes should be allowed for the com- 
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plete reaction to take place. Care must be taken during the last stages 
of the reaction, since the magnesite is used up and the HCl gas given off 
heing extremely soluble allows the potassium iodide solution to suck back 
into the flask. This is prevented by heating. Heating at this point not 
culy prevents the sucking back of the KI solution, but is necessary in 
order to expel the last traces of chlorine from the flask. A second Nessler 
tube should be inserted and the heating continued a few minutes, in order 
to make sure that the reaction is complete. During the distillation the 
Nessler tube is surrounded by a beaker of cold water, in order to keep 
the temperature of the potassium iodide Soluticn as low as possible so as to 
prevent the volatilization of the iodine. 

This method is both quick and accurate. A series of analyses on one 
Sample gave the following results: 31.84, 31.92, 31.92 per cent. lead per- 
oxide. In all about fifty different samples were run by this method and 
ill every Case it was easy to check the results to within 0.10 per cent. 

If a distilling flask with a ground glass stopper is not at hand, one 
can be made in a few minutes. Select a glass stopper of the proper size 
to fit the neck of the flask and fasten it in an horizontal position to the 
end of a slowly rotating shaft or axle fit the flask over the rotating stop- 
per and grind with fine emery dust moistened wih a mixture of equal parts 


of ether, turpentine. and alcohol. 


Chemical Laboratory, 


Indiana University, 
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A Srmrpeie LABoratory Metruop oF MEASURING VAPOR TENSION. 


By A. E. CASWELL. 


About a year ago I designed a slight modification of the ordinary 
barometer tube apparatus for measuring vapor pressure of less than an 
atmosphere. This has been used in connection with a heat course for 
engineers with very satisfactory results, the accuracy attainable beinz 
about the same as by the usual methods. 

The gereral arrangement of the apparatus is shown in the accompany- 
ing figure. A, is a piece of glass tubing about 2 cm. in diameter and i105 
cm. long, graduated at suitable intervals. B, is a metal tube of slightly 
larger cross section than A, and ending in the reservoir C. This is pro- 
vided with a tripod support. The length from the bottom of the tube to 
the top of the reservoir may be 15 cm. less than the length of A. The 
top of the tube A is surrounded by the vessel D, which may consist simply 
of a metal or glass tube fitted with a rubber stopper E. The vessel ID, 
together with the tube A, to which it is rigidly attached, is raised or 
lowered by means of a clamp attached either to a rigid support attached 
to the tube B, or to a common laboratory support. When the tubes A 
and B are being filled with mercury about 5 cm. of the length of the tube. 
A is filled with the liquid whose vapor tension is to be measured. The 
vapor space can be varied by raising or iowering D, and by noting the 
corresponding change in height of the mercury column the necessary cor- 
rection for any contained air may be determined. Ten centimeters is a 
convenient length for the yapor space. D is equipped with suitable ther- 
mometer and stirrer. 

This method involves determining the temperature corresponding to a 
given vapor pressure. The vessel D, is filled with water, or other liquid, 
heated to a temperature above that at which the determination is to be 
made, and raised or lowered until the mercury surface in the tube is be- 
low graduation G, which is about 15 em. from the upper end of the tube, 
and another graduation coincides with the level of the mercury surface 


in the reservoir C. The liquid D, is kept well stirred and allowed to cool 
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slowly; the temperature being read the instant that the meniscus coin- 
cides with G. The vapor tension in cm. of mercury is then the difference 
between the barometric reading and the height of the mercury column in 
A plus the mercury equivalent of the liquid in A and pressure of air in 
the vapor space. 

The principal advantage of this arrangement lies in the ease with 
which one may secure a series of determinations at different temperatures 
by merely raising D 5 or 10 cm. as soon as one determination is made, 
and allowing the liquid in D to cool until the meniscus again coincides 
with G. In this way a series of ten or twelve determinations may be made 
in a half hour. 

Purdue University, 
LaFayette, Ind. 


yay) 


nh 
caer 


ot 


CT 


A simple laboratory method of measuring Vapor Tension.—A. E. Caswell. 
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A THEOREM ON ADDITION FORMULAE. 


By Lresitiz MAcDILL. 


The theorem stated here is a corollary of a general theorem on a certain 
class of functional equations, whose theory has not been completed at the 
time of writing. 

Abel has shown that if a function, ¢ (x, y), has the property: 

¢ [z, @ (x, y)] is a symmetrical function of x, y, and z; then there exists 
another function such that: 

f (x) + f (y) =f [¢ G, y)]. 

The corollary mentioned proves the converse of this theorem, and shows 
further, that a necessary and sufficient condition for the solution of an addi- 
tion formula in the form: 

f (x) +f (ty) =f lz @y)l, 
were z (x, y) is supposed given as a known function of x and y, is that the 
ratio: 
OZ 
ox 
OZ 
Oy 


shall assume the form of the ratio of a function of x alone, to a function of y 


alone, both of which functions have an indefinite integral, possessing each an 


inverse function, viz: 


eoy4 
ox eau (x) 
“az Esc (y) 
oy 


Furthermore, if we designate the inverse function by the bar, 
z (x, y) = u[u (x) + u (y)] 
is another necessary and sufficient restriction on the function z (x, y). 
If the equation be given in the form: 
(2) Zi ite) i Cy) = tx Fy), 
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the necessary and sufficient conditions are: 


Oz 
as uw’ (s) s = f (x). 
qa > a (6) t = f (y). 
ot 


z (s, t) = u [u (s) + u(t)]. 
The solution for the unknown function in (1), under the restrictions 


named above is 
Fix) = Aru): A = arbritrary constant, 
and for (2) is 
f (s) = Au (s), or as before; f (x) = 4u (x). 
It will be further noticed that if 
z (w, z (x, y)] = symmetric function, 
t'ea 
f (x) + f (y) = F [z (x, y)], by Abel’s theorem. 
We prove the converse. Necessarily 
z (x, y) = u[u (x) + u (y)]. 
z [w, z (x, y)] = ulu (w) + udu (u (x) + u (y))$] = ufu(w) +u (x) +. u(y)], 
which is a symmetric function. 


Indiana University. 


Note oN Muutipty Perrecr Numeers, INcLUpDING A TABLE oF 204 
New ONES AND THE 47 OTHERS PREVIOUSLY PUBLISHED. 


By R. D. CARMICHAEL AND T. EB. MASON. 


$1. Introduction and Historical Note. 


If the sum of all the divisors of N is mN, where m is an integer, we 
shall call N a multiply perfect number of multiplicity m. If m—2 we shail 
call N a perfect number. 

The study of such numbers gave rise to the principal contributions of 
Fermat to the bigher arithmetic; and consequently they have been a means 
of prime importance in leading to the development of the modern theory 
ot numbers. As is well known their history goes back to Euclid, who 
proved that every number of the form 27-/\2?—1), where 2?—1 is a prime, is 
a perfect number. Euler and others? have shown that every even perfect 
number is of the Euclid type; but it remains an open question as to 
Whether there do or do not exist odd perfect numbers. Several supposed 
proofs that no odd perfect number exists have been given, but none of 
these is rigorous. ‘The actually known perfect numbers’ are included in 
the Euclid formula 2°'(2?—1) for the ten values of p, p=2, 3,5, 7, 13, 17, 
19; Bl, 61, 89. 

It appears that the first discovery of a multiply perfect number of 
multiplicity greater than 2 is due to Mersenne, who observed that 120 is 
one-third of the sum of all its divisors. In response to a problem proposed 
by Mersenne, Fermat pointed out that 672 has also the property of being 
equal to one-third the sum of all of its divisors. From time to time other 
multiply perfect numbers have been discovered. Up to the present time 


1Cf. Lucas, Théorie des nombres, I, p. 376. 
2A very simple proof of this theorem has recently been given by Dickson, 
American Mathematical Monthly, vol. 18 (1911), p. 109. See also a proof by Car- 
michael, Annals of Mathematics, vol. 8 (1907), p. 150. 

° For reference to the literature of perfect numbers, see Encyclopédie des 
sciences mathématiques, Iz, pp. 53-56. 

*For a short history of these numbers, with references, see Encyclopédie des 
sciences mathématiques, Iz, pp. 56-58, 
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there have been published altogether, so far as we have been able to find 
out, a total of forty-seven multiply perfect numbers. Cunningham!' has 
announced that he has a table of eighty-five multiply perfect numbers; 
but he published only one of them. In the table of perfect and multiply 
perfect numbers in §8 we have credited to the discoverer each of the forty- 
seven numbers which have heretofore been published.” The remaining two 
hundred four numbers of the table are believed to be published here for 
the first time. It should be noted that numbers of multiplicity 7 occur in 
this table for the first time. 

In §2 we have given some working rules which.were found useful in 
obtaining new multiply perfect numbers from those already known or dis- 
covered in the process of constructing the table. Their further use would 
consist in the possible discovery of several new multiply perfect numbers 
from a single new one found by any other means whatever. It was in 
this way that many of the new numbers in this paper were discovered ; 
one was obtained by direct means and others followed by use of the rules. 
As to the rules themselves, some of them were gotten by direct means and 
others by comparison of numbers in the table while the table itself was 
being constructed. The list of number pairs in the rules might be largely 
extended by a further comparison of numbers in the table. We have 
selected a part of those which actually proved to be of most use in the 


construction of the table. 


§2. Rules for Finding Multiply Perfect Numbers. 


The following two theorems afford useful working rules for finding 


new multiply perfect numbers: 


I. Jf lt p;@i and I qji (in either order) are a pair of factor sets from the list 
below and if a multiply perfect number N of multiplicity m contains the factor 
Il pi without containing either any factor piti+! or any factor q\ different from 
every pi; then the number 

N I qiri 
TT pi% 
is also a multiply perfect number of multiplicity m. 
. 1 British Association Report, 1902, pp. 528-529. 


2 We are indebted to Prof. Dickson for reference to the first publication of six 
of these numbers. 
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If N=ry’1 reY2 ......rn¥n , where ri, r2,...., Tp are different primes, is a 
multiply perfect number of multiplicity m, then from the formula for the 
sum of all the divisors of N and the fact that this sum is now supposed to 
be mN, we have 


Y¥;+1 
n r,—1 
m = II 
i=1 % 
Rair.— 1) 


Therefore in order to prove the accuracy of the rules we have only to show 
in each case that 


a+1 Bi+1 
D. — 1 -— | 
Ul Ei Li pees 
ay Bi 
Pj (p; - 1) qi (qe 1) 


The verification is not carried out. 


Il. Jf tl p,4i (m;) and U qj 7i (mz) (in either order) are a pair of factor sets 
and multiplicity from the list below and if a mulliply perfect number N, of mui- 
tiplicity m; contains the factor Ul pi without containing either any factor p,%it+1 


or any factor qj different from every pj; then the number 


N, I qjFi 


fl pi” 


, This pair is due to Descartes. 


260 


is a multiply perfect number of multiplicity m): 

32 5'. 77. 1a (5); oo". 7 «20-107. ool (4) 

34.7 . 117.19 (5), 3°. 23. 137 . 547.1093 (4) 

Tei (oy Dito de. L916) 

5 ola), oF. 7. Ls (6) 

In order to prove the theorem it is clear that we have only to show in 
each case that 


ait] Bi+i 
m; @i+1 Ms Bi 
pi (pi—1) qi (qi-1) 


The verification is omitted. 
The following theorem, due to Descartes, is also readily proved: 
Ill. If N isa multiply perfect number of multiplicity p4, where p is a 


prime number, and if N is not divisible by p, then pN is a multiply perfect 
number of multiplicity (p+1)¢. 


$3. Table of Multiply Perfect Numbers.** 
2) 2. 3. (Huclid, Nicomaque.) 
2) 2%. 7. (Euclid, Nicomaque.) 
A): OF 3. 507d: 19. ((Lehmer:) 
3) 2%. 3. 5. (Mersenne.) 
4) 2°, 3% 5. 7..13. (Descartes.) 
2) 2. 31. (Euclid, Nicomaque.) 
3) 2. 3.7. (EFermat.) 
4) 2°. 3%. 5. 7. (Descartes.) 
By pret len Wes LAS 
2) 2°. 127. (Euclid, Nicomaque.) 
4) 2'. 3°. 5% 17. 31. (Mersenne.) 
eto: 6. Lie, In. 19. (CDescartes.)) 
Delon Denk. lee a. 19) (Descartes: ) 
4), 27, 3°. 5, 17. 23. 137. 547. 1093. (Wermat.) 
£2 ee Ds oe ADT Sous 
A) 2°. 8.95: 1. 19: 8T.. 73: — (Gueas:) 


* The numbers marked with a star were discovered by Mr. Mason. The re- 
maining hitherto unpublished numbers were discovered by Mr. Carmichael. 


+ The multiplicity of each number is written to its left. If previously pub- 
lished the discoverer’s name is given to the right. 
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CONCERNING SPHERIC GEOMETRY. 


By Davin A. ROTHROCK. 


(Abstract. ) 


In this paper is developed a system of analytic geometry upon the 
surface of a sphere, in which the axes of reference are great circles and 
the coébrdinates of a point are ares of great circles. With a proper choice 
ot axes, the equations of the loci known as spheric straight line, spheric 
circle, spheric ellipse, spheric hyperbola, spheric parabola defined metri- 
cally as in plane analytics, appear in a form analogous to their equations 
in the plane. 

The paper also investigates other loci of more complex character, to- 
gether with a discussion of the notion of spheric pole and polar, radical 
axis, ete. A summary of the literature upon this system of geometry is 
also included. 

Bloomington, Indiana, 
November 30, 1911. 
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ON THE REPRESENTATIONS OF A NUMBER AS THE SuM OF CONSECUTIVE 
INTEGERS. 


By T. E. Mason. 


(Abstract. ) 
Theorem: 

If we define a series of consecutive integers so as to include zero and 
negative numbers and if we consider a number itself as a series of con- 
secutive integers with one term, then a number 

Tee ee Drow 
where the p’s are the odd prime factors of m and the a’s the power to 
which they occur, may be expressed as the sum of a series of consecutive 
integers in 

2(a,+1) (@2+1)...... (ar+1) 
ways. When m= 2" it may be so expressed in two ways. 

One-half of the total number of series will have an even number of 
terms and one-half will have an odd number of terms. 

One-half of the total number of series will consist of all positive terms 
and one-half the number of series will contain zero or zero and negative 
terms. 

We shall now apply this theorem to express 15 as the sum of con- 
secutive integers. 

15—=3xOr 
The number of series will be 
2(14+1) (141)=S. 


No. of 
terms. Mid terms. Series. 
1 15 15 
3 5 44+5+46 
5 3 1424384445 
15 1 —6-5-4-3-2-14041+4+2+4+384+44+5+4647+4+8 
2 7,8 74+8 
6 2,3 04+14+24+3+4+4+5 
10 12 —3—-2-14041424344+4+5+4+6 
30 0,1 —14-13....-4-3-2-14041424344+454+....414415 


Indiana University, 
November, 1911. 
[18—29034] 
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APPLICATION OF THE CAUCHY PARAMETER METHOD TO THE SOLUTION 
OF DIFFERENCE EQUATIONS. 


By T. EK. MASON. 


In the application of the Cauchy parameter method to the solution 
of difference equations the following are the necessary steps: 

1) Break the equation up into two parts, one of which gives a part 
f,(x) which may be readily solved and multiply the other part of the 
equation by the parameter t, so that the equation 


1 (6<))==0) 
becomes 
(a) fi (x) +tf, (x)=0. 
2) Assume a solution of the form 
U (x)=A (x)+B (x) tH+C (x) t4+D(x)t#4. 2... ee ote ene 


3) Substitute ‘in the equation (a) and equate the coefticients of the 
ditferent powers of t to zero and solve. Then the parameter t is made 
equal to 1. 

4) The solution 

WU Gea Gx)ad 8i(Ra) KOO RIUOO IE So be oa e Ge 
must be shown to be convergent and to satisfy the original equation. 

In breaking up the equation it is necessary to make such division 
that the resulting solution is convergent. In equations with constant 
coefficients the solution of the resulting equations is, in general, no easier 
than the solution of the original equation, so that this method of solution 
is of little or no value there. 


By a proper division of the equation the method of Cauchy will give 
the same results as the method of successive approximations. Let us illus- 
trate this by means of the example 

AU(x) =9(x)U(x), 
where* 
O(x) =O" x A OI ee 


*The general linear homogeneous difference equation of first order may be transformed to this 
form by a transformation of the form 


g(x) =xaxaxx™f(x), 
where the a, a and m are constants to be determined for the particular equation. 
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Let us write 
AU (x) — t¢(x) U(x) =0 
and assume for the solution 
U(x) = A(x) + B(x)t + C(x) t?+ D(x) t?4+........ 
Then 
AU (x) = 4A (x) + AB(x)t + AC (x) t?+AD(x)t?4+.... 
Substituting in the equation we have 
AA (x) +t[4B(x) —¢(x) A(x)] + t?[AC(x) — 9(x) B(x)] + t9[AD(x) —9@%)C(X)] +... =0. 
Equating the coefficients of the powers of t to zero we have 
AA (x) =0 
AB(x) —¢(x)A(x)=0 or AB(x) =¢(x)A(x) 
AC (x) —¢(x)B(x) =0 or AC(x) =9(x) B(x) 
AD(x) —9(x)C(x) =0 or AD(x) =9(x)C(x) 


Solving we have 
ANC) 
fo a] 
B(x) =Sx@(x), where Sx@(x)=—-— = 9(x+i) 
i=0 

C(x) =Sx9(x)Sx¢ (x) 
D(x) =Sx¢(x)Sx(x) Sx@ (x) 

U(x) = 14+Sx0(x) +Sx0(x) Sx@(x) + Sx (x) Sx¢(x)Sxo(x) + 


This series has been proven to be convergent* and gives a particular 


solution of the linear homogeneous equation of the first order. 


But this parameter method may be applied in such a way as to obtain 
solutions different from those obtained by the ordinary method of successive 
approximations. We shall illustrate this remark by the solution of the 


equation 
A2U (x) —aU (x) =x'™f, a<1. 


Let us write 
A2U (x) — x) — taU (x) =0 
and assume the solution 
U(x) = A(x) + B(x) t+ C(x) t?+ D(x) t?+.... 
*Carmichael, Transactions American Mathemathical Society, Vol. 12, No.1, p.101. If in that 


discussion we put a=1, m=O, the two problems are identical. 
tx@)=x (x—1) (x—2)...... (x—n+1). 
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Substituting in the equation and equating to zero the coefficients of the 
powers of t, we have 

A2A(x) —x') =0 or A?A(x) =x®) 

A2B(x)—aA(x)=0 or A?B(x) =aA(x) 

\2C(x)—aB(x)=0 or A?2C(x)=aB(x) 

A?D(x)—aC(x)=0 or A®D(x) =aC(x) 


(n+1) 
A A(x) = = ; +pilx) 
n 
IC iba eae (0 (x) 
A(x) ————_ + p(x) . x ++ p2(x 
(n4.2)2) °°" 
P ax(nt2) 
A?B(x) aan . X-+apo(x) 
n 
(n+4) (3) (2) 
ax x >. 4 
BG a Hapa ee 
(x) geaayeee e a +apo(x) = 
2y(n-+4) (3) (2) 
y GE ee 2 aad a2Doi 
Gene sap WER ot 
2y(n+6) (5) (4) 
Gj 2 es 2 sce 
ae (n +6) ee Sir ar 
266) xin2) m axint4) ’ a2x(nt6) we [x Bee ae aix(7) 
e- ST Ene eT I 1 
(n+2)@ (n+4) (n+6)‘® 3! 5! Tis) 
; ax@) nix * 98q(8) 
ee ee | +p.(x) [1+ + - aE ae IF 
2! 4! 6! 


Since a<1 these series converge, and it can readily be shown by substi- 
tution that this does afford a solution of the equation. 
If we denote the solution of the previous equation by U™)(x), then the 
solution of the equation 
A?U(x) —aU(x) = P(x), a<1, 
where P(x) is a polynomial in x of the form 


P(x) =a0 + ax) +ax@ 4ax8 4.22... +amx™, 
may be written in the form 
m 
U(x) = = anU™(x). 
n=0 


The 2m+2 periodic functions combine into 2 independent ones. 
The solution of other examples would follow the same method. 


Bloomington, Ind. 
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SomE VARIATIONS IN PLANTS. 


By F. M. ANDREWS. 


In the proceedings of the Indiana Academy of Science for 1905 and 
1909 I have mentioned some variations in plants. Some of those have 
been noted and studied by de Vries, who considered the subject of such 
importance as to undertake its further study. 

Flattened stems of various kinds are not infrequently found and 
sometimes twisted stems also. The latter de Vriest has noted in wild 
teasels and he was able by selection and cultivation to increase the per- 
centage of plants of teasel having this peculiarity. 

One instance of stem flattening, not due to a traumatic effect, is that 
of the blackberry. The stems of this plant are ordinarily more or less 
rounded in transverse outline and it would be interesting to see if this 
monstrosity could be increased in any way in plants grown from them as 
in teasels. 

This same tendency to produce occasionally flattened parts occurs in 
dandelions. De Vries? was able to increase in various plants the per- 
centage of flattened stems. Not infrequently the scapes of the dandelion 
are so united with others and so flattened as to be more than a centimeter 
in width. 

Likewise deviations are often shown in the flowers of dandelions. 
This is especially seen in the union of two or more heads of flowers. Two, 
three and once five of flowers were more or less united into one and pro- 
duced by this means a rather confused and irregular mass of many flow- 
ers. Here also was a flattening of the more or less perfectly united scapes. 
A sunflower which had several heads fused into one very large and curi- 
ously shaped mass was observed. 

The union, however, of most flowers or branches in the neighborhood 
of one another are always of rare occurrence, as De Vries* has mentioned 
is the case with most plants. An exception to this is seen in the case of 


1 De Vries—Species and Varieties, their Origin by Mutation. 1905, pp. 404, 405. 
2 De Vries—Species and Varieties, their Origin by Mutation. 1905, p. 411. 
3 De Vries—Species and Varieties, their Origin by Mutation. 1905, p. 428. 
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some plants, however, which show a decided tendency to bring abcut 2 
union of fruits, as in the strawberry, several of whose fruits and leaves 
at times grow together. 

Deviations as to the time of the blooming of flowers are sometimes 
noticed. In Bloomington an apple tree that, besides blooming profusely 
during the regular time in spring, has two years bloomed twice each year. 
After blooming in the spring it produced a few blossoms again in August 
and September of the same year. After blooming the next spring an in- 
creased number of blossoms were produced in August and September as 
eompared with the same time the preceding year. 

It is well known that apple trees often bloom a second time in the 
fall in very dry seasons, but in this case the climatic conditions were just 
the reverse. 

It will be interesting to see what this tree will continue to do in this 
respect. At the time that the second period of blossoming occurred the 
tree was bearing a fairly good crop of apples from the first blooms. The 
same may be seen in many other plants at times, as in violets, horse- 
chestnuts, anemones, gentians, redbuds, some primulas' and weigela. 

The sudden and complete transformation of color in flowers from the 
normal sometimes occurs, as in Achillea millifolium, where the rays are 
pink instead of white. 

The same is true of the common yellow adder’s-tongue (Erythronium 
Americanum) which sometimes, though rarely, produces purple instead 
of the usual yellow flowers. When found such specimens should be trans- 
ferred to a rich garden (if it is not possible to guard and grow them in 
their native habitats, which would be better) and cultivated and closely 
watched and protected in order to see whether they would reproduce the 
monstrosities again or even to a greater extent. 

Apparent monstrosities are sometimes Caused not naturally by the 
plant but are frequently caused by some sort of traumatic effect. This I 
have repeatedly seen in plants. Especially is this true in the more hardy 
plants that are able to bear a rather considerable injury without a fatal 
termination. The common iron weed (Vernonia fasciculata) shows fre- 
quently a branching only a short distance above the ground and below 
the usual branching, if partly crushed or otherwise injured. 

Another instance of an apparent monstrosity, is the change brought 


1 Kerner, Vol. 1, p. 564. 
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about in Ambrosia artemisivfolia due to traumatic causes, as shown by 
A. C. Life* This plant was injured by a wagon running over it and 
showed a number of abnormal conditions in which the reproductive pri- 
mordia had a tendency to change into vegetative parts. 

It is well, therefore, on finding any monstrosities of any kind to con- 
sider and inquire into the cause or source of the deviation and to try to 
ascertain whether these deviations are traumatic in origin or are inherent 


in the plant itself for some other reason. 


1A. C. Life, Botanical Gazette, 1904, Vol. 38, pp. 383-384. 


Rloomington, Indiana. 
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ReEpor’T OF THE WoRK IN Corn POLLINATION, IIT. 


M. L. FISHER. 


A brief resume may be helpful. In 1908 a series of studies in corn 
pollination was begun. Of these studies two were reported to this society 
at the 1908 meeting. One of these dealt with the vitality of pollen as 
affected by age. The other dealt with the results of cross-pollinating 
varieties of different colors also, the crossing of Sweet and dent corn. 
Seed obtained from these crosses was used for planting in 1909. The re- 
sults of this planting were reported at the 1910 meeting. In brief they 
showed an agreement with Mendelian principles. 

In 1910 seed was selected from the various types developed in 1909. 
For example, from ears which showed white and yellow dent, and sweet 
kernels all on the same cob, the white kernels were picked out and 
planted separately; the same was done with the yellow dent and sweet 
kernels. In all sixteen different selections were made. These were 
planted in single rows side by side and given similar treatment in every 
vay. Hand pollination was resorted to as in the two previous years. It 
hiay be said here that after three years of self-pollination there was not 
the marked deterioration which breeders have told us would happen from 
such in-breeding. 

A full account of the results of this experiment may not be given in 
this place, but the following observations are presented: 

1. The effect of using Reid’s Yellow Dent as a male on Boone County 
White was to increase the height of the stalk noticeably, while the recip- 
recal cross showed a sturdier stalk than is usual with either variety. 

2. Sweet corn as either parent induced an abundance of suckers. 
The average for six different rows in which the seed used had some sweet 
in it was 47.5 per cent. of the stalks being suckered, some stalks having 
as Many as six to eight. Also, where Reid’s Yellow Dent was the male, 
the per cent. of suckers was large, amounting to 42.6 per cent. of all the 
stalks, while the reciprocal gave only 9.6 per cent. It is well known that 
sweet corn normally produces many suckers, and under favorable condi- 
tions Reid’s Yellow Dent produces more than most dent varieties. 
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3. The Sweet-Reid’s Yelow Dent and the Reid’s Yellow Dent-Boone 
County White crosses which had the largest per cent. of suckered stalks 
also showed the largest per cent. of twin ears and the smallest per cent. 
of barren stalks. It may not be accepted that suckers are an indication 
of prolificacy, but this series of experiments indicated as much. 

4. This being the third year of the experiment the constancy of 
dominants and recessives would be expected to show itself. Sweet, red. 
speckled, and white are supposed to be recessive to dent and yellow. In 
18 self-pollinated ears from sweet, 15 were pure sweet and 3 mixed white, 
sweet, nnd yellow. In 12 ears from speckled seed, 9 were pure speckled, 
2 pure yellow, and 1 pure red. In 15 ears from red seed, 18 were pure 
red and 2 pure yellow. However, in none of the pollinations from white 
seed was the percentage of pure ears so high. The highest being from the 
white seed selected from the Sweet-Reid’s Yellow Dent cross, in which 7 
out of 12 ears were pure. 

In the experiments of 1908 yellow showed itself dominant to all other 
colors, consequently it would contain not only the dominants but the 
lybrids and such a condition manifested itself in the various selection 
from yellow seed. A notable exception was from a row planted with 
yellow seed from a twin ear. Every self-pollinated ear from this row 
was pure yellow. 

5. From the Sweet-Reid’s Yellow Dent cross two types arose, one 
with whitish kernels and white cobs, like the original Stowell’s Evergreen, 
and the other with yellowish kernels and red cobs. These two types were 
planted in 1911 on the grounds of the Horticultural Department, Purdue 
University. The season being backward the crop was not large, but 
enough was obtained to show that the types were fixed and would breed 
true. 

Purdue University, 
LaFayette, Ind. 


NEw AND NotTaAasLE MEMBERS OF THE INDIANA FLORA. 


EK. J. GRIMES. 


The following notes deal with the distribution and the ecological 
condition of the species mentioned. They pertain for the most part to 
the flora of Putnam County. 

The determinations have been verified by authorities, and the speci- 
mens are deposited in the National Herb., Gray Herb., and my herbarium. 

The nomenclature follows the Vienna Code as exemplified in the 
seventh edition of Gray’s Manual. 

The seventeen species and varieties that are recorded as new to the 
Indiana flora are marked with an asterisk (*). 


Ophioglossum yulgatum L. 
Putnam County. Four miles south of Russellville a large colony of 


this plant was found June 4, 1911, on a wooded hillside along Raccoon 
oreek. 

The plants were very thrifty, from 24 to 32 cm. in height, the leaves 
3.5-4 ecm. wide, and 6-7 cm. long. The sterile regments were attached 
below the middle. 

Woodsia obtusa (Spreng.) Torr. 

Putnam County. Grows sparingly on sandstone ledges. September 
4, 1911. 

Aspidium noveboracense (L.) SW. 

Parke County. Low woods in moist soil. Small colony was found 
one mile north of Ferndale, September 11, 1910. 

Asplenium 'Thrichomanes L. 

Putnam, Parke and Montgomery counties. Frequent on dry sandstone 

ledges, found with Polyodium vulgare. 
*Marsilea quadrifolia L. 

Putnam County, south of the Vandalia station at Greencastle in an 
old pond. This species is quite abundant on one side of the pond, but 
is rapidly disappearing, due to the draining of the pond and the subse- 
quent encroaching of the vegetation, which is filling up the pond and 
eventually choking out the Marsilea. This plant was first detected by 
Dr. Banker of De Pauw University in 1904. Possibly introduced by some 
botanist. 
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*Paspalum stramineum Nash. 

Putham County. Open, dry hillsides and along railways, October 4, 
1911. The range as given in Gray’s Manual is Nebraska to Missouri and 
southward. 

Panicum huachucae Ashe. 

Putham County, dry open hillsides, June 11, 1911. Reported from 
Indiana at Clarke Junction (Bebb), Gibson (Hill), (Hitchcock and Chase.) 
—(N. A. Species of Panicum, p. 216). 

Aristida tuberculosa Nutt. 

Putnam County, along old Big Four Railway, August 8, 1911. “In 

sandy soil along the lake beach. Lake (Hill).”—(State Catalog, p. 638.) 
Diarrhena diandra (Michx.) Wood. 

Rich soil in a wooded ravine along Raccoon Creek, Putnam County, 
July 9, 1911. Reported only from counties bordering the Ohio River and 
lower Wabash. 

$romus purgans L. 

Putnam County, rich hillside along Raccoon Creek. First detected 

as a member of our flora by G. W. Wilson.—(Proc. Ind. Acad. Sei. 1905, 


Cyperus aristatus Rottb. 

Southern part of Putnam County on wet sandy shore of Mill Creek, 
August 10, 1911. 

*Hleocharis palustris glaucescens (Willd.) Gray. 

Putnam County, one mile east of Russellville, in ditch along C., H. 
& D. Railway. In flower May 22, 1911. 

Carex cristata Schwein. 

Vuthnam County, three and one-half miles south of Russellville, in 
IXverman’s Swamp along Raccoon Creek, June 11, 1911, with Carer stipata, 
CC. cephalophora and Scirpus validus, 

*Carex virescens Swanii Fernald. 
Putnam County, on rocky, wooded hillside at Fern, August 8, 1911. 
*Juncus effusus solutus Fernald and Weigand. 

Putnam County, near Limedale, in an abandoned rock quarry, Oc- 
tober 5, 1911. 

Maianthemum canadensis Desf. 

Putnam County, two miles northeast of Bainbridge, on dry hillside, 
associated with Tsuga Canadensis, June 25, 1911. Most southern station 


known in the State. 
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Ranuneulus circinatus Sibeth. 
Putnam County, three miles east of Russellville. It is abundant in a 
bayou of Raccoon Creek. In flower May 22, 1911. Reported only from 
Hamilton County.— (State Catalog, p. 757.) 


Conringia orientalis (l.) Dumort. 

Putham and Montgomery counties, along the Monon R. R. In flower 
May 6, 1911. First reported by G. W. Wilson.—(Proec. Ind. Acad. Sci. 
1905; 171.) Becoming more abundant each year. 

*Sisymbrium officinale leiocarpum DC. 

Putnam County in cultivated grounds with the type, but far more 
abundant. 

*Hesperis matronalis L. 

Montgomery County, along roadside near-Crawfordsville, August 11, 
1911. 

*Hydrangea cinerea Small. 

Posey County, July 7, 1910 (C. C. Deam) ; Montgomery County (Deam 
and Grimes), July 23, 1911. Putnam County, two miles northeast of 
Bainbridge, on Knobstone shale along Walnut Creek. In flower August 
15, 1911. Flowering later than H. arborescens, this is the predominating 
species wherever found. The range in Gray’s Manual is South Carolina 
and Georgia to Tennessee and Missouri. 

*Pyrus ioensis (Wood) Bailey. 

Putnam County, two miles west of Greencastle, on embankment of 
cold Big Four Railway. Fruit was collected from a single individual about 
eight feet tall, August 27, 1911. 

*Crataegus pruinosa (Wendl) K. Koch. 

Putnam County, on dry wooded hillside along Raccoon Creek. This 
is the first species in our area to ripen its fruit, mature fruit having been 
collected Jnly 80, 1911. 

*Geum flavum (Porter) Bicknell. 

Putnam County, four miles south of Russellville, in moist wooded 
ravine near Raccoon Creek. Taken at only one other station. Infrequent, 
July 10, 1910. 

Rosa blanda Ait. 

Putnam County, near Greencastle, on dry bank along Big Four Rail- 
way, in full flower June 4, 1911. “In a few localities in the rocky hil]s 
of the southern counties.’—(State Catalog, p. T89,) 


288 


Desmanthus ilinoensis (Michx.) MaeceM. 

Putnam County, on embankment of old Big Four Railway, west of 
Greencastle, August 8, 1911. Well established at two stations along the 
railway. “I have seen specimens from no other region (Clark County). 
In my opinion the form is of rare occurrence in the southern and south- 
western counties. If found it would probably be on alluvial banks or in 
prairies.’—(State Catalog, p. 819.) Possibly a migrant in Putnam 
County. 

Strophostyles pauciflora (Benth.) Wats. 

Putnam County, near Fern, along the old Big Four Railway. This 
interesting species is frequent along the roadside for about a quarter mile, 
where it is associated with Buphorbia heter ophylla, Medicago sativa and 
Aristada tuberculosa. The leaves varied from 2-4.5 em. long, the pods 
were from 2 to 2.5 em. long and 5 mm. wide. Stipules 8 mm. long. The 
peduncles varied from 2 to 10 cm. long, the seeds were grayish brown in 
color and 38.-3.5 mm. long. 

The most northern station known in Indiana, having been reported 
cnly from Gibson and Posey counties, where Dr. Schneck recorded it as 
rare. 

Croton glandulosus septentrionalis Muell. Arg. 

Putnam County, three miles west of Greencastle on right of way of 
old Big Four Railway. Flowering and fruiting specimens collected Au- 
gust 27, 1911, Local and rare. Previously reported only from Dayiess 
County, 

Croton monanthogynus Michx. 

Putnam County, frequent five miles west of Greencastle along old 

Lig Four Railway. August 8, 1911. 
Hypericum Ascyron L. 

Putnam, Parke and Montgomery counties, in alluvial soll and on 

banks of streams. <A beautiful species deserving cultivation. 
*Vaccinum corymbosum amoenum (Ait.) Gray. 

Montgomery County, on Devil’s Back Bone at Pine Hills. Collected 
in fruit July 283, 1911. A single individual about one meter tall, grows 
on tbe very dry ledge, associated with J'suga canadensis. 

*Ligustrum vulgare L. 

Montgomery County, along roadsjdes and jn waste places. June 25, 

1911, 


289 


*Asclepias Sullivantii Hngelm. 

Putnam County, one mile west of Bainbridge, in a pasture. In full 
flower, June 25, 1911. Two additional stations have since been detected 
near Russellville, associated with A. syriaca. 

Verbena angustifolia Michx. 

Putnam County, in a ditch along the C., H. & D. Railway near Russell- 
ville. In flower July 10, 1911. 

*Verbascum Blattaria albiflorum Ktze. 

Putnam and Montgomery counties. Common in old fields and pastures. 
The form with purplish corolla is frequent throughout the State, while 
the type with yellow corolla is infrequent or rare. 

Ruellia ciliosa Pursh. 

Putnam County, four miles south of Bainbridge along the Monon 

Railway. In flower August 14, 1911. Less frequent than RF. strepens. 
Viburnium molle Michx. 

Putnam County, three and half miles south of Russellville, on rich 
wooded hillside along Raccoon Creek. Collected in flower June 14, and 
mature fruit September 4, 1911. Frequent throughout the county on wooded 
slopes adjoining streams. A shrub 38-4 m. high, easily recognized by its 
gray exfoliating bark. 

Hrigeron divaricatus Michx. 

Putham and Parke counties, on dry exposed hillsides. Abundant 
wherever found. I have seen this species in Russell and Washington 
townships in Putnam County, and near Ferndale in Parke County. ‘“Re- 
ported oniy from the extreme southern part of the State, where it is 
found on the banks of streams.”—(State Catalog, p. 978.) 

Antennaria fallax Greene. 

Putnam County, three miles south of Russellville. Poor soil on dry 
hillside. April 30, 1911. Previously taken by H. H. Bartlett in Marion 
County.— (Proc. Ind. Acad. Sci., 1904; 303.) 

*Antennaria neglecta Greene. 

Putnam County, three and half miles south of Russellville. Poor 
soil in an old field, April 30, 1911. More frequent than the preceding 
species. 

*Galinsoga parviflora hispida DC. 

Putnam County, in town of Russellville, in cultivated grounds, Au- 

gust 18, 1911. Associated with Malva rotundifolia. 
Russellville, Ind., December, 1911. 
[1829034] ; 
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A MonoGRAPH OF THE COMMON INDIANA SPECIES OF HypoxyLon. 


CHARLES E. OWENS. 


It is the purpose of this paper not to present an exhaustive treatise 
on the genus Hypoxylon, but to give a brief account of the habit and 
habitat of these fungi as the writer has observed them, together with a 
key to the species which have been collected in this State. Descriptions of 
the species covered by the key have also been included. 

The Hypoxylons, like most other fungi, have a vegetation phase which 
grows hidden in the substratum, and a fruiting phase which grows on 
the surface of the host for the purpose of facilitating the dissemination of 
the spores. The essential part of this fruiting body consists of from one 
to many perithecia which contain the spore-bearing asci. The perithecia 
are usually aggregated in clusters and imbedded in a carbonaceous crust 
known as a stroma. The stroma is more or less conspicuous and varies 
ereatly in form and size. Sometimes it may take the form of a broadly 
effused crust several inches or even many feet in extent; again it may be 
a globose, subglobose, or hemispherical structure varying in size from a 
single perithecium approximately 1 mm. in diameter, to a large stroma 
1 to 2 cm. in diameter and containing numerous perithecia. The perithecia 
are usually arrarged peripherally in a single, regular or irregular layer. 
Sometimes, however, they are crowded into several more or less irregular 
layers, so that the spore-bearing layer of the stroma may be several times 
the thickness of a single perithecium. The stromata are usually of a 
carbonaceous nature, but sometimes they are woody or corky-fibrous. The 
color of the substance is generally dark-brown or black; while that of 
the surface exhibits a range from whitish or gray, through various shades 
of red, ferruginous and purple, to black. 

Without exception, the species of this genus are saprophytic and live 
tpon the dead trunks, branches and rotten wood of various kinds of trees. 
They prefer the shade and moisture of the woods and are seldom found in 
the open where they would be exposed to direct sunlight for a large part 


of the day. Certain species, however, are sometimes found around the 
edge of woodlands where they are not shaded at all times. This is es- 


292 


pecially true during rainy seasons. Some species are found upon the dead 
bark of trees and branches which are net in an advanced stage of decay. 
Others are usually found upon decorticated wood which is still sound. 
Still others seem to prefer wood which is very rotten. Occasionally a 
species is found which seems to flourish equally well under any or all of 
these conditions. Especially is this true of certain species which grow 
in great profusion both on scund bark and decorticated wood. 

It is’ thus evident from the very nature of this group of fungous 
plants that they are of very little, if any, economic importance. Since 
they are not parasitic, they never cause the death of living plants, and, 
although true to fungous nature, they aid in the decay of timber already 
dead, yet, because of the fact that they thrive only in the forest, they 
are not destructive of timber which has been promptly removed to its 
proper place of use. The chief interest, then, which attaches to them is 
a scientific one. Most species of Hypoxylon are large and conspicuous 
‘4 Comparison with most other. genera of Pyrenomycetes, and therefore 
they attract the attention of the collector. It is perhaps this character- 
istic more than any other which makes them interesting to the student 
of fungi. 

The Hypoxylons develop late in the season, passing through the 
conidial stage during the summer or early autumn. The perfect stage 
follows the conidial and arrives at maturity sometime during the fall or 
early winter. The time for collecting mature specimens, then, is during 
the late autumn or early winter. They persist throughout the winter, 
however, and may be collected in good condition until the warm weather 
of spring comes, when they begin to disintegrate rapidly. 

In attempting to make a key to the species of Hypoxylon a great 
difliculty is encountered. Perhaps there are few genera of fungi, or even 
of apy group of plants, which offer more difficulty along this line than 
the genus under consideration. In the first place the genus itself is not 
set off from all other genera by distinct and unmistakable characters. 
for example, it would take an expert to distinguish with accuracy be- 
tween some species of Nummularia and certain of the Hypoxylons. This 
lack of relinble marks of identity is even more evident when it comes to 
distinguishing between the various species of Hypoxylon. 

Most investigators who have worked with this genus have attempted 
to divide it into groups of doubtful extent on the basis of the form and 


293 


1. Hypoxvlon annulatum. (Schw.) Mant. 2. iypoxylon marginatum, (Schw.) Berk. 


9 ’ 


cocemenm, Pull. : turbinulatum, ‘Schw.) Berk. 
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color of the stroma. But this is not entirely satisfactory, because these 
characters are not at all constant in a great many species. Specimens of 
ua certain species may be found at one time which show the effused form 
in a very marked degree. Again specimens of the same species may grow 
in a globose or hemispherical form with scarcely a sign of the effused 
vature. Similarly the color of the same species may vary greatly under 
different conditions of growth and with increasing age. 

In any given species perhaps the spore measurements are the most 
constant of any of the characters, and even these vary within certain 
limits. But the differences between the spore measurements of all the 
various species are not of wide enough range to be of any great advantage 
in throwing them into groups which would be usable in a key. It is true 
that there are a few species here and there which might be thrown out 
upon the basis of spore size, but the great majority of them range so 
nearly together that it is not feasible to attempt a key upon this basis. 

Since it has been our final purpose to make a key which could be 
used chiefly in the field without the use of the microscope, we have deemed 
it best to follow, for the most part, the example of former writers. There- 
fore the more evident, although more superficial and unstable characters 
have been employed, and the key has been based to a large extent upon 
the form and external color of the stroma. Although in a few of the ulti- 
mate divisions spore measurements have been used, it is hoped that in 
most cases the student will be able to locate any of the species covered 
by this key, by means of the naked eye, aided, perhaps, only by the hand 
lens. 

Perhaps not the least valuable aid in identifying species may be found 
in the accompanying figures. When working with objects which are of 
such a uniformly dark appearance and which show such little contrast 
between stroma and substratum as do most of the Hypoxylons, it is no 
easy task to produce photographs which show their form and external 
appearance to good advantage. The figures appended are from photo- 
graphs which were taken near a west window with the rays of the after- 
noon sun falling directly upon the specimens. It is the experience of the 
writer that this gives more contrast and makes the stromata and the 
perithecia stand out more prominently in the photograph than is the case 
when the exposure is made in diffused light. 

Sixteen species have been collected thus far and the key has been 


made to fit the specimens at hand without regard to any others. 
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The descriptions of species have been taken to a great extent from 
the original descriptions and comments appended thereto, as given in 
“North American Pyrenomycetes” by Ellis and Everhart. In nearly all 
cases, however, the writer has made some changes, and in some instances 
the whole description has been rewritten to suit the specimens at hand. 
All measurements of asci and spores are original. Where the measure- 
ments given by Hllis and Everhart differ, their figures are given in paren- 
theses. In some cases the measurements given by Saccardo are included 
also. 

The identification of all species covered by this paper has been verified 
by Dr. Charles H. Peck, State Botanist of New York, who was kind 
enough to examine all our specimens. In a few cases the species was de- 
termined by him. I take this opportunity to express my thanks for his 
assistance in this work. 

I am also indebted to Prof. J. M. Van Hook, of Indiana University, 
for material placed at my disposal, and for aid and advice in formulating 
this paper. 


KEY TO SPECIES. 
I. Stroma large, irregular, thrown into folds or ridges, spores S microns 
HOMEWOOD LESS secs cscs aoe sue teens + CORREA TIC RON he ocean 1. H. Petersii. 
II. Stroma more or less effused. 
A. Stroma broadly effused. 
1. Externally colored whitish or gray. 
a. smooth, whitish, dotted with black-ostiola................. 
BRE Ess Dist Sleeves SORPROREIEMS Seals <a ates s arete ation SE OL ODUNCHULUNK. 
2. Externally colored not whitish or gray. 
a. Perithecia 2/3-1 mm. long, spores 11-18 microns long........ 
2 o.oo See Waist sia cies sto Seheae etek yao ee el (LENO PUD LT CUNT 
b. Perithecia 1/2 mm. long, spores 9-11 microns long..... Sea are 
4 60 '0°2:6 LORIE? S CRI Dee) Snes Doon 4. H. rubiginosum. 
B. Stroma variously effused or confluent, usually in small areas. 
1. Externally colored not black. 
a. Surface of stroma bright purple, ostiola not white-margined, 
Spores: 12-15 MIicrOnS MONE. .2 2. sce. = 5. H. fuscopurpureum. 
b. Surface of stroma brown or slightly purplish, ostiola white- 
margined, spores 8-11 microns long........ “6, H. perforatum, 
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(Schw ) Fr °j Hypoxylon fuscum, (Pe rs.) Kr 


5. Hypoxylon perforatuin, 
pF rr. 5 effusum, Nitsehke 


6. é cohaerens, (Pers. 


pai 
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2. Externally colored black. 
a. Stroma scant, composed of large perithecia which are almost 
solitary, or confluent in variously shaped, thin-crusted patches. 
B,C CRs ORO acre MORO MR aeRC AIS ace PTE CRC ae scamoccolla J&lo Cyeuin: 
b. Stroma thick or thin, in more or less effused patches 1/2 to 
1 or 2 cm. long and wide. (Some very convex forms might 
be mistakenly placed under III.)....... ...8. H. multiforme. 
Stroma globose or subglobose. 
A. Externally colored not black. 
1. Stroma globose. 
a. Substance of stroma concentrically-zoned, radiate-fibrous, 
spores 8 microns long or less............9. H. Howeianum. 


b. Substance of stroma homogeneous, spores more than 8 mic- 


LOU TOMS ence erste rede eats aie SPePeme Sa ols erence 10. H. coccineum. 

ce. Substance of stroma scant, perforate or granular, ostiola 
WMICEIM aren eC ammertes Hosea temas. «ots cones *6. H. perforatum. 

2. Stroma depressed-pulvinate or rounded, surface dark purple. 
ON BEI OMEN REP OREN OE ONICHA ccd Ota IPR ETI he Es fw SGum- 


3}. Externally colored black. 
1. Perithecia annulate-truncate. 

a. Stroma large, with the small (.5 mm.) perithecia deeply 
and evenly sunk in the substance of the stroma so that 
searcely more than the disk projects, giving a rounded, 
CVGNPADWCATAMCC St ratdcle cts obits Sate shel eae ...12. H. marginatum. 

b. Stroma of medium size and irregular from the large (2/31 
mm.), prominent perithecia, many of which project one half 
their length beyond the surface of the stroma............. 


scan EOS OES es Oa a et Cie Praesechaveicheelevstererete LoL UI UIVULOLUULTID- 
Perithecia not annulate-truneate. 


bo 


a. Stroma scant, perithecia large, solitary or confluent in 
small, elongated areas in grooves of the bark.............. 
cdsae Ch SSG OCCURED a-Si aC Re amr Ste ee UE ee 14. H. sassafras. 

b. Stroma roughly subglobose, composed of a few loosely- 


aggregated perithecia (Usually not over 15 or 20 in a 


* H. perforatum is sometimes found with the effused form of stroma, and again 


with a subglobose or hemispherical stroma. In order that the student may not be 
at a loss to know where to place it in case he should have only the one or the 
other form, the key has been arranged so that this species will run under either the 
effused or the globose group. 
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CinKdMiGh) ia» o ooladau se Be crava carats Ae ate TE Sisiee ..15. H. cohaerens. 
ce. Stroma flattened above, turbinately narrowed below, bear- 
ing numerous (usually over 25), not very prominent peri- 
PRECIA. (soe a a Hav oi akel aaNet c 16. H. turbinulatum. 


DESCRIPTIONS. 


The following descriptions are adapted mainly from ‘‘North American 
Pyrenomycetes” by Ellis and Everhart. 


HyPoxyton, Bulliard. 

Stroma of carbonaceous or woody-corky consistance, dark-brown or 
black within, externally ranging from almost white through shades of 
red, brown or purple, to black, free from the first or erumpent-superficial, 
sometimes more or less sunk in the wood, globose, subglobose, or more or 
less effused and crustaceous, at first covered by a conidial growth, finally 
bare. Perithecia peripherical in a single layer or sometimes in several 
layers concentrically or irregularly arranged, globose, ovate or oblong, 
coriaceous or corneo-coriaceous, sunk in a stroma, but generally with the 
upper part more or less projecting, with a papilliform or umbilicate osti- 
olum. Asci cylindrical, S-spored. Spores uniseriate, elliptical or fusoid, 
inequilateral or curved, continuous, brown. 

1. H. Petersii, B. & C. 

Stroma large, 2.5-6 em. long, 2.5-4 em. wide, .75-1.5 cm. thick, ranging 
in shape from almost circular to oblong or elliptical, convex above, some- 
times even, often raised into a few large folds or ridges which usually 
extend crosswise but occasionally lengthwise of the stroma, centrally at- 
tached with a spreading margin free at the sides. In the elliptical forms 
the attachment extends lengthwise almost from end to end. The surface 
sometimes exhibits deep cracks. The stroma is covered at first with a 
thick, leathery, membranaceous veil which soon disappears except around 
the margin where there persists a leather-colored strip of irregular width 
which becomes narrower and darker-colored with age. Substance corky, 
slightly fibrous, brown, upper spore-bearing part blackish-brown, slightly 
carbonaceous. Perithecia subglobose or sub-elongated, .5-.75 mm. long, 
with necks ending in papilliform ostiola, arranged in several layers, which 
in places are so crowded that the layers are not distinct. The entire 


spore-bearing stratum averages about 5 mm. in thickness. Asci cylin- 


multiforme, Fr. 


atropurpureum, Fr 


Hypoxylon fuscopurpurcuta, 


. i 1 
assairas, (yCnw 
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{Schw.) 
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arical, €O-75x5 microns, spore-bearing part 35-40x5 microns. Spores 
uniseriate or sub-biseriate above, elliptical, rather narrow, brown, 7-8 x 3-4 
microns. 

On rotten log of Quercus, Huckleberry Woods, near Bloomington, 
Indiana. 


2. H. atropunctatum, (Schw.) Cke. 
Sphaeria atropunctata, Schw. 
Anthostoma atropunctatum, Sace. 
Hypoxylon atropunctatum, Cke. 

Stroma very broadly effused, forming a thin (.75-1 mm.), smooth, 
whitish or gray crust which is flush with the surface of the surrounding 
bark, irregularly dotted with the black ostiola, usually surrounded by a 
black, sterile margin or circumscribing line, substance lard and rigid, 
black inside. DPerithecia in a single layer, not crowded, ovate, about .5 
mm. high, sometimes reaching almost to the base of the stroma. Asci 
abruptly contracted below into a short, stipitate base, 175-220 x 15-17 mi- 
crons, spore-bearing part 100-180 x 15-17 microns. Spores acutely elliptical 
Asci 150 x 10-12 


microns. Spores 25-30x 10-12 microns.) —(Sace—Spores 25-30x 8-9 mi- 


or almond shaped, dark, 22-830 x 11-14 microns (EF. & E. 


crons. ) 

On Fagus and Quercus, vicinity of Bloomington, Ind. Also in Orange 
County, Indiana. 

This species often extends in broad expanses for many feet along 
dead, standing tree trunks. It is easily overlooked on beech because of 
its similarity in color to the bark, but is readily identified by its black- 
punctate character. 

&. H. atropurpureum, Fr. 
Spharia atropurpurea, Fr. 

Stroma broadly effused, varying greatly in extent, sometimes 1-2 cm. 
wide and 5-10 em. long, occasionally continuous or interruptedly contin- 
uous for two or tliree feet in strips 1-3 cm. wide; 1-2 mm. thick; brown 
or purple, changing to dark-purple or almost black; margin of stroma 
rounded and distinct; surface papillate from the slightly prominent peri- 
thecia which are .66-1 mm. high, oblong or obovate, and are closely packed 
in a single layer. Spores ovate, subacute at each end, opaque, 9-13 x 4.5-6 
microns. No asci were present in our specimens. (HE. & E.—Asci, spore- 


bearing part, 50-60 x 7-S microns. Spores 10-14x 5-6 microns.) 
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On Carya and Fagus, vicinity of Bloomington, Ind. Also reported on 
bark of Tilia and other trees. 

This species was found growing on the smooth surface of a hickory 
log from which the bark had been removed by man apparently one or two 
years previous to the finding of the specimen. The wood was slightly 
decayed. The stroma was extensively effused in a strip which was approx- 
imately one inch wide, entirely continuous for one foot and almost con- 
tinuous for three feet in length. 

This species is distinguished (in our specimens) from H. rubiginosuim 
by its larger and more prominent perithecia. 

4. H. rubiginosum, (Pers.) Fr. 
Sphaeria rubiginosa, Pers. 
Hypoxylon rubiginosum, Fr. 

Stroma broadly effused, occasionally found, however, in small patches 
a few millimeters or a few centimeters across; rusty-red or brown, finally 
black, sometimes with a distinct purple tint; .75-1.5 mm. thick and adher- 
ing closely to the substratum, the lower part consisting of the altered 
wood so that it is sometimes difficult to distinguish between stroma and 
substratum; at first even and sterile but finally distinctly mammillose 
from the small (.5 mm.) perithecia which generally appear at first sepa- 
rate in the center and spread outwardly, becoming closely packed in a 
single layer. Asci 105-130x5-6 microns, spore-bearing part 70-80 x 5-6 
microns. Spores 9-11 x 4.5-5.5 microns. (H. & E. 


Asci, spore-bearing part 
GO x6 microns. Spores 10 x 4-5 microns.) 

On decorticated Liriodendron, Borden, Ind. Also on Ulmus, Bloom- 
ington, Ind. Reported on Acer, Quercus, Fagus and other deciduous trees. 
Seems to be very common. 

This species is difficult to distinguish from H. atropurpureum, but has 
smaller perithecia and slightly smaller spores. It may also be confused 
with H. fuscopurpureum, but the latter (in our specimens) has larger 
spores and a more elegantly purple surface. 

5. H. fuscopurpureum, (Schw.) Berk. 
Sphaeria fuscopurpurea, Schw. 
Hypoxylon fuscopurpureum, Berk. 

“Variously effused, margin generally sterile, outer crust rather hard, 
black and shining within, surface elegantly purple, regularly granulose 
from the subjacent perithecia which are oblong-ovate, polystichous, numer- 
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ous, small, immersed in the shining black stroma, staining the wood or 
bark around it black, inseparably adnate, extending for an inch or more 
in length and preferring depressions in the surface of the wood. Sec. 
Cooke Grey. XI, p. 124, the sporidia are 14x7 microns. The specimen 
in Ray. F. Am. 653, on bark of ash, seaboard of South Carolina, has spor- 
idia 9-11 x 4.5-G6 microns, and looks more like a smooth form of H. rubig- 
inosum.” 

The above is quoted verbatim from the description as given in Hllis 
and Eyverhart’s work. The specimens at hand are rather meagre. Our 
measurements are: Asci 120x9-10 microns, spore-bearing part 85 x 9-10 
microns. Spores 12-15 x G-7 microns. 

On rotten wood of Liriodendron, Bloomington, Ind. 

To distinguish from J//. rubiginosum, see under description of the lat- 
ter. It may also be confused with //. atropurpureum, but has a more 
elegantly purple surface and slightly larger spores. 

6. HI. perforatum, (Schw.) Fr. 
Sphaeria perforata, Schw. 

Stroma superficial, effused, tubercular-convex or depressed-hemispher- 
ical (2-4 mm.), often interruptedly confluent for several centimeters in 
narrow (2-4 mm.) strips, dirty-brown, dark, or purplish rust-color, dotted 
with the minute, white-margined, punctiform ostiola. Perithecia sub- 
monostichous, globose, small (.25-.38 mm.), lying near the surface of the 
stroma, crowded, mostly not distinctly prominent. Asci 85-110 x 7-8 mi- 
crons, spore-bearing part €0-70x 7-S microns. Spores 8-11 x 4-6 microns. 
(4. & E.—Spores 10-14 x 5-7 microns.) 

On Ulmus, Fraxinus, Rhus and Sassafras, vicinity of Bloomington, 
Indiana. Also reported on Quercus. 

I have frequently found this species with the hemispherical or tuber- 
cular-convex form of stroma. When found in this form alone, it is not 
at all probable that the collector would think of placing it in the effused 
group. (See note immediately following the key.) 

y. H. effusum, Nitschke. 

Stroma superficial, thin, forming black, crust-like patches of various 
shapes and sizes, 3-4 mm. across, or often confluently seriate, 3-4 cm. or 
more long by .5-1 em. wide. Perithecia in a single layer, rather large (the 
central cavity being about .33-.5 mm. in diameter), prominent, but usually 


lattened above, sometimes with a central papilla much as in H. annu- 
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latwm, but not so distinctly annulate-depressed. Asci 90-110 x 5-6 microns, 
spore-bearing part 55-65 x 5-6 microns. Spores ovate-oblong, pale brown, 
8-10 x 3-4.5 microns. (1. & H.—Spores 9-10.5 x 3.5 microns.) 

On decorticated Ulmus, near site of university reservoir, Bloomington, 
Indiana. 

The stroma in this species is very scant. The perithecia are sparingly 
fused or confluent so that there is not much substance aside from that 
comprised in the perithecia themselves. 


&. H. multiforme, Fr. 
Sphaeria multiformis, Fr. 
Sphaeria peltata, DC. 
Sphaeria rubiformis, Pers. 
Hypoxylon granulosum, Bull. 

Stroma erumpent and often margined by the ruptured bark, of various 
shapes, at first rounded, then spreading and becoming somewhat flattened 
above, dull rusty-red, finally black and smooth. Perithecia irregularly 
menostichous, rather large (1 mm.), globose, distinctly prominent, with 
papilliform ostiola. Asci cylindrical, on long pedicels, 95-110 x 6-7 microns, 
spore bearing part 60-70x 6-7 microns. Spores 9-12 x 4.5-G microns. (EH. 
& H.—Spores 9-10.5 x 3.5 microns.) 

On Fagus, Ulmus and Juglans, vicinity of Bloomington, Ind. Also 
reported on Betula (where the stroma is usually transversely elongated), 
Alnus, Sorbus, Quercus and Castanea. 

Specimen No. 2198 in the herbarium at Indiana University seems to 
be the most typical one in our collection. Several other specimens in the 
same herbarium were identified by Dr. Peck as depressed forms. They 
have somewhat smaller perithecia. 


9. H. Howeianum, Pk. 

Stroma globcse or depressed-globose, 5-15 mim. across; surface brick- 
red or sometimes orange colored or slightly olivaceous, becoming darker, 
atmost smooth but densely punctuate with the minute, black ostiola; sub- 
stance of a shining blue-black or brown-black color and showing a radiate- 
fibrous structure, usually with from one to three or more faint, concentric 
zones. Perithecia ovate, .25-.75 mm. high, peripherical in a single layer, 
with scarcely more than the minute ostiola projecting. Asci 75-90 x 4-5 
microns, spore-bearing part 50-GO0 x 4-5 microns. Spores 7-S x 3-4 microns. 
‘ 


,9 = 
x 3-3.5 


(EH. & H.—Asci, spore-bearing part 45-50x5 microns. Spores 6- 
microns. ) 
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On Acer and Fagus, vicinity of Bloomington, Indiana. 

This species is distinguished from H. coccineum by the radiate-fibrous, 
concentric-zoned structure of the stroma, which is lacking in the latter, 
and also by its much smaller spores. 

Specimen No. 2245 in the Indiana University Herbarium is a peculiar 
form, having a thin orange-colored or brick-red crust which peels off 
casily, and shows only a few scattered perithecia. This is perhaps an 


immature specimen. 6 


1). H. coccineum, Bull. 

Sphaeria fragiformis, Pers. 

Sphaeria rubra, Willd. 

Sphaeria lycoperdoides, Weigel. 

Sphaeria radians, Tode. 

Sphaeria tuberculosa, Sow. 

Sphaeria bicolor, DC. 

Sphaeria lateritia, DC. 

Lycoperdon pisiforme, Sow. 

Lycoperdon variolosum, Lin. 

Stromatosphaeria fragiformis, Grey. 

Stroma globose or subglobose, erumpent, turning the bark dark 15 

streaks for a short distance around, then superficial, completely hidinz 
the scar where it broke through the outer bark, deep brick-red when 
niature, often paler when young, sometimes turning darker with age after 
maturity, 2-10 mm. in diameter; interior homogeneous and of an even 
sooty or gray-black color; surface evenly mammillose from the slightly 
projecting perithecia; finally solitary or joined together in tufts of two, 
three, or more. Perithecia peripherical in a single layer, subglobose or 


ovate, slightly prominent, crowded, .83-.5 mm. in diameter. Asci 115-140 


tA 


< 6-8 microns, spore-bearing part 70-90 x G-S microns. Spores black, often 


bo 


-guttulate, 10-14 5-7 microns. (BH. & E.—Spores 10-12 x 4-5 microns.) 
On bark of dead Fagus, vicinity of Bloomington, Indiana. Also re- 
ported on other trees such as Quercus, Salix and Betula. This is one of 


our most common species. 


11. H. fusewm, (Pers.) Fr. 
Sphaeria fusca, Pers. 
Sphaeria fragiformis, Hoff. 
Sphaeria confluens, Willd. 
Sphaeria tuberculosa, Bolt. 
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Sphaeria castorea, Tode. 
Sphaeria coryli, DC. 
Sphaeria glomerata, DC. 
Hypoxylon fuscum, Fr. 

Stroma erumpent, then superficial, generally 1-4 mm. in diameter, 
solitary or subconnate, depressed-pulvinate or hemispherical, dark purplish- 
brown or purplish-red, finally almost black, somewhat uneven from the 
slightly projecting, small (.5 mm.) perithecia which are closely packed, 
irregularly monostichous, subglobose, with minute mammilliform ostiola. 
Asci 95-110 x 7-8 microns, spore-bearing part 80-90x 7-S microns. Spores 
10-12 x 5-6 microns. (EH. & E.—Spores 11-14 x 5-6 microns.) (Saccardo.— 
Spores 12-16 x 5-7 microns.) 

On dead Ulmus, Acer and Ostrya, vicinity of Bloomington, Indiana. 
Also reported on Alnus, Betula, Corylus, Fagus and other deciduous trees. 

This species sometimes grows with a few of the perithecia in the 
center of the stroma projecting farther than the remainder, forming a 
kind of papilla and giving the entire stroma the appearance of a much 


flattened volcanic cone. 


12. H. marginatum, (Schw.) Berk. 
Sphaeria marginata, Schw. 
Sphaeria durissima, Schw. 
Sphaeria truncata, Schw. 
Hypoxylon durissimum, Cke. 
Hypoxylon marginatum, Berk. 

Stroma pulvinate or hemispherical, 8 mm. to 2 em. across or by con- 
fluence more than that, ranging up to 6 or 7 mm. in thickness; black when 
mature; surface slightly roughened by the projecting perithecia with their 
papilliform ostiola. Perithecia ovate, monostichous, peripherical, about 
5 mm. in diameter, with black ostiola which arise from the center of a 
small, flat, circular disk or depression which, however, does not appear in 
the earlier stage of growth. Asci 75-100 x 5-7 microns, spore-bearing part 
55-15 X 5-7. .Spores 7-9x3.5-5 microns. (H. & E.—Asci 75-80 x 6-7 microns.” 
Spores 7-9 x 3-83.5 microns. ) 

On bark and wood of Quercus, vicinity of Bloomington, Indiana. 

This species has the annulate-truncate perithecia similar to J7. annul- 
atum, but is distinguished from that species by its smaller and less prom- 
inept perithecia, and by its larger stroma. (See under description of H 
annulatum.) 
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13. H. annulatum, (Schw.) Mont. 
Sphaeria annulata, Schw. 
Hypoxylon annulatum, Mont. 

Stroma hemispheric-tuberculiform, about 2-5 mm. across, or irregularly 
effused and interruptedly confluent-tuberculose, brownish-black or purplish- 
black. Perithecia subglobose, irregularly monostichous, large (.75-1 mm.). 
with from one fourth to one half of the upper part free, finally annulate- 
truncate above, with the black, papilliform ostiola in the center of the 


truneate disk. Asci 90-125 x 6-7 microns, spore-bearing part 65-80 x 6-7 


microns. Spores 8-9x4-5 microns. (KE. & E.—Spores 7-9 x 3.5 microns.) 
Common on bark and wood of Quercus, vicinity of Bloomington, In- 
diana. 
This species is readily distinguished from H. marginatum (which also 
has the annulate-truncate perithecia) by its usually smaller stroma, which 
is very irregular on account of the larger, rounded and prominent peri- 


ibecia, while the stroma of the latter species is even and regular. 


14. H. sassafras, (Schw.) Berk. 
Sphaeria sassafras, Schw. 
Hypoxylon sassafras, Berk. 

Stroma scant; perithecia large (1-1.5 mm.), the internal cavity nearly 
1 mm. in diameter, occurring either singly or aggregated in clusters of 3-58 
or more, standing in elongated areas mostly in grooves of the bark, some- 
times flattened or compressed by mutual pressure, with their bases united 
in a thin stroma of a dirty brownish-black, and with one half or more of 
their upper part free, sub-truncate above, with a minute, papilliform osti- 
olum. Asci 110-150 x 4-5 microns, spore-bearing part 65-75 x 4-5 microns. 
Spores 7-9 x 34 microns. 

On dead fallen Sassafras, vicinity of Bloomington, Indiana. Also re- 
ported on Lindera, where the perithecia may be more evenly scattered 
over the matrix. 

I found this species growing in great abundance on dead saplings in 
a thicket of Sassafras about four miles east of Bloomington, Indiana. In 
some cases the whole trunk of the tree was thickly covered with the fun- 
gus. It seems to prefer cracks and grooves in the bark, and thus grows 
in long, interrupted strips, which are parallel with the trunk, and in most 
eases a single perithecium wide. 
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175, H. cohaerens, (Pers.) Fr. 
Sphaeria cohaerens, Pers. 

Stroma erumpent-superficial, irregularly subglobose or depressed- 
hemispherical, usually about 2-4 mm. in diameter, gregarious or crowded, 
often confluent, at first dirty brown, becoming black or nearly black. Peri- 
thecia irregularly monostichous, usually 5 to 15 or 20 in a stroma, large 
(.75-1 mim.), with papilliform ostiola. Sometimes the perithecia are dis- 
tinctly prominent, forming an irregular stroma composed of a few, large, 
rounded perithecia loosely joined together. Asci 100-150 x G-7 microns, 
spore-bearing part 65-90 x G-T microns. Spores 8-12 x 3.5-5.5 microns. 

Common on bark of Fagus, near Bloomington, Indiana. 

Some forms of this species slightly resemble 7. annulatum, from 
which it is distinguished by the absence of the annulate-truncate disk on 
the perithecia. Other forms resemble //. turbinulatum, but the latter 
usually has less prominently projecting perithecia, with more prominent 
ostiola, a larger number of perithecia in a stroma, and is more turbinu- 


lately narrowed below. 


16. H. turbinulatum, (Schw.) Berk. 
Sphaeria turbinulata, Schw. 

Stroma turbinate-pulvinate, 2-6 mm. in diameter, subconfluent, but 
with the stromata nearly always distinct, at first brown, then black. The 
stromata are arranged in a seriate manner so as to bear some resemblance 
to Hebrew letters, and are sometimes seated on a black crust which over- 
spreads the bark. VPerithecia large, scattered through the entire stroma, 
with small, scattered, but conspicuous ostiola which are the most promi- 
nent part of the perithecia above the surface of the stroma. Asci 120-140 


x 5-6 microns, spore-bearing part 70-80x 5-G microns. Spores 9-11 x 3.5-5 


microns. (BH. & E.—Spec. in Herb. Schw., Spores 8-10 x 3.5-4.5 microns. ) 
On dead bark of Fagus, neighborhood of Bloomington, Indiana. 
To distinguish this species from H. cohaerens, see under description 
of the latter. 
All figures in this paper are practically natural size. 
Indiana University, 
Ploomington, Indiana. 
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THE IMPROVEMENT OF MEDICINAL PLANTS. 
KY A. MILLER. 

The principles of plant breeding have as yet hardly been brought to 
bear upon the improvement of medicinal plants. The necessity of im- 
provement and the possibilities of the application of modern methods of 
breeding to this group of plants bas led the writer to undertake a series 
of investigations upon this subject. A discussion of the results and prog- 
ress of these investigations is the object of the present paper. 

The broadening influence of plant breeding is gradually bringing 
under control members from all groups of the plant kingdom, and: it is 
only fitting that this very important group of plants should be made to 
yield the best of nature’s possibilities. That the group contains many 
plastic forms which will yield readily to modern methods of breeding is 
evidenced by the fact that some of the most potent medicinal forms ap- 
pear in families from which have been obtained many valuable horticul- 
tural varieties. The Solonaceze for example, with the genera Atropa, Hyo- 
scyamus, Datura, Solanum and Capsicum, and the no less important Scro- 
phulariacee containing the now widely known genus Digitalis, which is 
found to be equally as variable both in chemical and physical character- 
istics as the common garden forms derived from the same and related 
genera, will serve to illustrate this point. 

A review of the literature on drug plant improvement reveals but 
few attempts at systematic investigation by the employment of standard 
methods of breeding. On the other hand much has been written and no 
little accomplished upon the introduction and cultivation of medicinal 
plants. Intreduction and cultivation with no improvement has been the 
order of procedure. It is quite true that some improvement has resulted 
from a changed environment and a reduced struggle for existence, but not 
through the intensive application of particular methods. Tmprovement by 
means of seed and plant selection, the isolation and testing of favorable 
varieties, the study of soil and climatic conditions, trials in hybridization, 
grafting, or other methods which might prove applicable, have not been 
tried except in comparatively few instances. Had the government made 
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selections of bydrastis (Hydrastis canadensis I.) ten years ago upon a 
basis of alkaloidal percentage, their plantings made at that time might 
now be yielding interesting and valuable data upon the behavior of this 
plant under cultivation. Problems relating to propagation, cultivation, 
collecting and curing have been solved, but the cause of the wide range 
in the percentage of alkaloids in this drug remains an unknown factor. 
From January 6, 1909 to November 8, 1911, this range in the percentage 
of alkaloids was found to be from 2.79 to 7.60. 

Another illustration of cuitivation without improvement which will 
at the same time serve to demonstrate the practical value of the applica- 
tion of a single standard method is the growing of the drug burdock. This 
drug consists of the root of Arctium lappa L. collected from plants of 
the first year’s growth. For the past fifteen years this plant has been 
grown under cultivation on a commercial scale near Indianapolis for the 
production of the first year’s roots in the recent condition. The superior 
quality of the resulting product over that obtained from wild plants was 
early recognized. The drug was more uniform in every respect, almost 
free from fibrous tissue and is believed to produce a more active prepara- 
tion. With this favorable beginning it is surprising, indeed, to learn that 
the final results of fifteen or more years of continuous cultivation have 
failed to advance this plant beyond the point reached at the end of the 
first year. Upon seeking an explanation of this fact it was found that 
from one year to the next the total seed supply came from wild plants 
found growing by the roadside. This plant being a biennial and the crop 
being harvested at the end of the first year’s growth has left the farmer 
at the end of each season to search for a new seed supply. When inter- 
viewed as to why seed plants were not selected upon a basis of green 
weight of root produced, the answer has been that it would not pay. That 
seed and plant selection could be made to pay can be demonstrated upon 
a basis of original investigation and reliable data. A study of the results 
obtained in the Division of Botany of the United States Department of 
Agriculture upon “the Superior Value of Large, Heavy Seed,” indicates 
al increase in the weight of the plant which is in direct proportion to 
the weight of the seed employed. To obtain data for calculations upon 
such a basis, burdock seeds were taken from a lot collected miscellaneously 
from wild plants and separated into light and heavy portions. The sep- 
aration was accomplished by the use of an apparatus designed after one 
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used for the separation of tobacco seeds, in the experiments on tobacco 
breeding performed at the Connecticut State Experiment Station. ‘This 
apparatus is described in the Yearbook of the Department of Agriculture 
for 1904. Slight modifications were found necessary to adapt it to this 
type of seed. A number of seeds from both the heavy and light portions 
were accurately weighed. The average of the light seeds was 0.0035 
grams and of the heavy 0.0084, a ratio of 1:2.40. The variation in the 
heavy seeds was from 0.0077 to 0.0091 grams and in the light from 0.0017 
to 0.0046. ‘The greater variation in the light seeds was found to be due 
to the force of the air current employed in the separation. That a sep- 
aration into light, medium and heavy can be made just as readily as into 
light and heavy will be shown in connection with another form. 

A planting of three acres of burdock of the present year has been 
chosen as a type upon which to calculate the increase in yield which 
might have been obtained by means of seed selection. This planting was 
made upon a deep meliow Joam and the total yield of 35,890 pounds is 
rather unusual. Assuming that the seed supply used on this planting con- 
sisted of light and heavy seeds in the determined proportion of 1:2.0, the 
total yield can be theoretically divided into two portions of 6,778 and 
27,112 pounds, respectively produced by the light and heavy seed. Had 
ihe light seed used been equal in weight to the heavy seed they would 
have produced twice as much as they theoretically did, which would have 
been 13,556 pounds. This would make a total yield of 40,668 pounds in- 
stead of 33,880, an increase of 20 per cent. 

Even of greater importance, however, to the medical and pharma- 
ceutical professions is the improvement of henbane and digitalis, repre- 
senting as they do two valuable drugs of the United States Pharmacopeeia. 
By their being more amenable to chemical and physiological methods of 
siandardization, the investigator is furnished with additional means of 
following the progress of various methods of improvement. Official hen- 
bane is supposed to consist of the dried leaves and flowering tops of 
Uyoscyamus niger L. collected from plants of the second year’s growth 
and yielding not less than 0.08 per cent. of mydriatic alkaloids. That the 
above chemical and botanical conditions of this drug rarely obtain has 
been clearly demonstrated. An average of a large number of samples 
examined from August 25, 1908, to September 23, 1911, indicates that only 
13 per cent. conformed to the requirements of the United States Pharma- 
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DIGITALIS PURPUREA L. 


Result of equal volumes of selected and non-selected seed. 


Upper seed pan sown with sslected 


Lower seed pan sown with non-selecied seed. 


heavy seed. 
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copeia from a chemical standpoint. The average alkaloidal percentage of 
all samples for the same period was 0.0640 and the range of variation in 
individual samples was from 0.018 to-0.125 per cent. 

The botanical characteristics approach the official requirements with 
no greater degree of certainty. The crude drug varies from fragmentary 
specimens of unevenly cured leaves and stems containing an admixture 
of grass, straw and other plant parts, as well as the refuse of chicken 
and barn lots, to pure, bright, clean, evenly cured leaves, compressed in 
such a manner that the entire leaf is available for inspection. The botan- 
ical source of the drug is also questionable, as evidenced by numerous 
seed tests from samples and lots from which viable seeds could be obtained. 
These tests have shown this drug to cousist of a mixture of two distinct 
forms. The so-called annual variety, which is not included in the pharma- 
copeial description, appeared regularly in these tests. Specimens of this 
form have been grown to maturity in the writer’s garden and close obser- 
vation has failed to substantiate the statements that it is identical with 
Hyosecyamus niger L. Seedling plants from both forms are now under 
observation and will be studied both botanically and chemically through 
succeeding generations. To determine the possibility of obtaining a uni- 
form henbane, seeds were purchased from August and George Fischer of 
London, which were found’ to possess a high percentage germination. 
Piants from these seeds differed greatly in size and vigor in the early 
seedling stages, and a selection from approximately two thousand seed- 
lings was necessary in order to obtain one hundred and forty plants of 
uniform character. The great variation noted in the seedling stages of 
these plants led to a second application of the seed separator. The seeds 
of this form being quite smail, several portions of two hundred seeds e2ch, 
were taken from light, meditun and heavy separations. The respective 
weights of these were 0.0505, 0.945 and 0.125 grams. Plantings from 
these different weight seeds have not progressed sufficiently at the present 
time to jusify a Giscussion of the merits of the method. Open field exper- 
iments with this drug have demonstrated that seed germination is uncer- 
tain, that the plants are subject to the attacks of many insects and that 
the seedlings transplant with considerable difficulty. No conclusions can 
be drawn from these facts, however, since the seeds employed in all out- 
door tests were imported and but very few lots cf such seeds, have given 


satisfactory results. ‘The two forms of henbane mentioned, i. e., annual 
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and biennal do not represent the limit of possibilities in this genus. Ac- 
cording to Engler and Prantl the genus consists of eight species widely 
distributed throughout temperate and subtropical regions. In the sub- 
tropical is found the very pronusing form, Hyoscyamus muticus L., yield- 
ing over one per cent. of alkaloids, while the remainder are found in the 
temperate regions. Of these, some have passed through periods of prom- 
inence in different countries, as Hyoscyamus albus in France, the annual 
form in parts of Germany and the biennial form in England, all of which 
suggest the possibilities within the entire genus. 

In this group of plants the necessity of systematic efforts leading to 
the development of pure-bred strains of promising species, and to an in- 
crease in the percentage of alkaloids is indicated by the above data. The 
famous corn-breeding experiment at the Illinois State Experiment Station, 
the records of which now cover thirteen generations, indicates what may 
be done through selection. That the efforts to increase and decrease the 
protein and oil have met with great response is shown by the fact that 
two strains of corn have been produced out of a single variety, one of 
which contains more than half again as much protein as the other. The 
effect upon the oil content is even more striking, since from this same 
variety two other strains have been produced, one of which contains prac- 
tically three times as much oil as the other. The sugar beet industry of 
this and other countries is illustrative of the necessity of the intensive 
breeding, essential to the production of high yielding plants. The gain 
of 22.2 per cent. in the total sugar beet output of Germany for 1910-11 
with an increased acreage of only 3.6 per cent. was due to three factors, 
one of which was the higher sugar content of the beets. Experiments 
have shown a variation of seven per cent. in sugar content in beets of the 
same parentage grown in different localities, a fact which is suggestive 
of the necessity of a careful choice of localities for drug plant investiga- 
tion. The introduction of various species of Cinchona into India by the 
British Government over fifty years ago has long passed the experimental 
stage, but the records of the difficulties overcome stand as convincing 
evidence of what may be accomplished in the introduction and improve- 
ment of arborescent forms. Many of these forms were long grown and 
propagated under glass until individuals could be isolated which would 
endure the new environment and be made to serve as starting points for 
future generations. The work of the Department of Agriculture on capsi- 
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DIGITALIS MONSTROSA. 
Upper seed pan sown with heavy seed. Lower seed pan sown with light seed. Equal volumes 
of seeds were used. 
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cum, camphor, tea, tobacco and a host of other forms bears out the evi- 
dence of the foregoing, and furnishes the worker with a wealth of data 
applicable in many ways to drug plant improvement. 

The drug digitalis, consisting of the dzied leaves of Digitalis purpurea 
I.. collected from the second year’s growth at the commencement of flower- 
ing, is equally in need of improvement. WVhysiological tests have shown 
a variation in the toxicity of preparations made from drugs representiig 
different geographical sources. Differences of opinion also exist as to the 
relative medicinal value of first and second year leaves, of those froin 
wild and cultivated plaints and of those from plants of differert species 
and varieties, aS well as to the effects of different periods of collectin¢ 
aud methods of curing. packing and storing of the crude drug and t> 
relative value of preparations made from fresh and dry leaves. A botan- 
ical examination of the genus reveals conditions which will probably ac- 
count, in part at least, for the above differences of opinion. 

The genus is a large one, consisting of twenty-one widely distribuie] 
species, a fact which alone increases the possibilities of an admixture o: 
leaves from several species or from the same species growing under differ- 
et Climatic conditions. This possibility is also increased by the numerous 
varieties originated by florists and gardeners who have not been slow in 
recognizing the aesthetic value of the genus. Their catalogues now con- 
tain many standard yarieties which are noted for their attractive nature 
and ease of culture. The official species Digitalis purpurea L. has figured 
largely in this preduction, having given rise to no less than half a dozen 
distinct forms which are now listed as hardy perennials. Other species 
have been active in this respect but have not produced such a diversity 
of forms. This property of a genus to yield multiple forms is strongly 
suggestive of a wide range of variations in the corresponding percentage 
of active principles. ‘The botanical inspection of the crude drug is in no 
degree indicative of this percentage of active principle, but that such a 
indication is possible is suggested by recent investigations of Gregory 
upon the association of transmissible characters in Primula sinensis, wheve 
it has been shown that some characters are always found to accompany 
others with recurring regularity. But until such a convenient relation is 
found to exist between active principle and specific morphological char- 
acters, the botanical examination can only point to the possible source 


and not to the comparative medicinal value of the drug. 
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DIGITALIS PURPUREA L. 


Upper seed pan sown with heavy seed. Lower seed pan sown with light seed. Equal volumes 
of seeds were used, 
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Observations now being made upon several species and varieties of 
digitalis have revealed variations which would prove of considerable 
commercial value if found associated with a correspondingly high per- 
centage of active principle. A dissimilarity of leaf forms has been ob- 
tained in plants grown from seed which offer valuable material for selec- 
tion as to form, size, color, and arrangement, relative number per plant, 
length of petiole, texture and curing properties. Differences have also 
been noted as to rate and percentage of seed germination, flowering period, 
J} roduction of suckers, hardiness, and ease of propagation and cultivation. 

in the course of an investigation upon a form of digitalis found grow- 
ing adventively in parts of Oregon, an excellent example has been obtained 
of the uncertainty of the botanical origin of Commercial digitalis and the 
difficulty of the separation of distinct forms upon a basis of leaf char- 
acters. One hundred and forty plants said to represent the first year’s 
growth were obtained from this source. These plants were collected in 
the open and represented a locality from which commercial digitalis leaves 
had been marketed. These plants arrived in excellent condition and were 
transplanted in the open near Indianapolis in early spring. They were 
closely observed throughout the season and during this time but few 
plants flowered, all of these, however, coming true to the description of 
Digitalis purpurea L. and were quite uniform as to leaf characters. The 
plants made excellent growth during the summer and went into the winter 
as large, strong healthful plants in fit condition for experimental pur- 
poses. To test this form for hardiness in this latitude these plants were 
left in an exposed locality in an unprotected condition throughout the 
year. Forty-three per cent. withstood the severe winter of 1910-11 and 
flowered, but very irregularly, during the ensuing summer. The effects of 
the exposure were manifested by a much lower production of leaves than 
that attained during the first year’s growth. Among the sixty plants 
which survived the winter there was one which produced racemes of pure 
white flowers instead of the characteristic purple flowers of Digitalis pur- 
purea L. The presence of this form among a comparatively small number 
of plants indicates the admixture of a varietal form, the medicinal prop- 
erties of which are not known. ‘The other individuals which flowered 
were fairly uniform in all visible characters except as to variations in 
flower arrangement. some bearing upright instead of drooping flowers, 


an arrangement which gave the plants a striking appearance. Seed selec- 
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tions were made from these forms and a further study will be made of 
them both for hardiness and as to,fitness for medicinal use. 

Preliminary work has been done on seed selection with several forms 
of Digitalis. Seed tests of light and heavy seeds obtained by means of 
the apparatus previously mentioned have given striking results in the 
early stages of seedling growth as shown by the accompanying photo- 
graphs. The following data will indicate the accuracy of this method of 
seed selection and the uniformity in the seeds separated. It also demon- 
strates the practical value of the method if applied to the commercial 
production of digitalis leaves. Seeds collected from the foregoing plants 
of Digitalis purpurea L. were separated into light, medium and heavy. 
The extreme smallness of these seeds made it necessary to use five hun- 
dred seeds from each separation for weighings. Seeds of Digitalis grandi- 
flora Lam. obtained from Henry A. Dreer of Philadelphia were also sep- 
arated, weighed and tested. These were heavy enough to be weighed in 
one hundred lots and were of such uniformity that they were only sep- 
arated into light and heavy portions. 


The following table includes the results of these separations and 


weighings: 
Digitalis purpurea. 

Light. Medium. Heavy. 
500 seeds 500 seeds 500 seeds 
0.0217 gm. 0.0253 gm. 0.0341 gin. 

Digitalis grandifiora. 
Light. Heavy. 
NOORSECUS ei rovcinep<ancuste ce 10's 0.0168 gm. MOO SCCOS os sas cece owes 0.0215 gm. 
OOBSCOCUS oi caponscca soon ee 0.0167 gm. 100 seeds....... 5 ae an 0.0223 gm. 
a ICOXO)ES(eY=°0 See eee . 0.0161 gm. NOOEISEERASR A eee a spesscke once 0.0223 gm. 
OORS CCE Scay seca seyehs, ofedes . 0.0161 gm NOOZSCEUSE ec rues sionagoseysuars 0.0215 gm. 
MN OOPSCEO SS scae-c cists) ns ... 0.0164 gm. NOOTSECOUS ho Aaans agence avers 0.0217 gm. 
MO Gale rps sro sce teheutcis 0.0821 gm. AMOUR Aeicocen cess eter 0.1093 gm. 


In conclusion it is only necessary to say that the application of these 


wethods of breeding and the possibilities in drug plant improvement herein 


suggested should be extended until they include such valuable forms as 
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cannabis indica, belladonna, buchu, and others. Hardy productive vari- 
eties of these forms must be discovered or produced, and these brought 
under the influence of modern agriculture where they may be utilized to 
meet the conditions of growing scarcity, advancing prices and the demand 
for better products. 


Botanical Department, Bli Lilly & Company, 
Indianapolis, Ind., November, 1911. 
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NUTRIENTS IN GREEN SHOOTS OF TREES. 
. xe 106 di, Jeasiate 


The foods of browsing animals, both wild and domestic, have doubt- 
less engaged the interest of Many observers. 

Especially, sheep and goats consume much of the succulent leafage 
of the second growths of forest trees, while the undergrowths of forest 
seedlings never survive the visitations of these animals, unless the species 
have particularly obnoxious flavors or principles. 

Jn order to learn the comparative nutritive values in the succulent 
parts of some of these plants, the writer made numerous chemical analy- 
ses,! the results of which are given in Tables I and II. 

The samples were collected between May 3d and 17th of a very “back- 
ward” season; the data therefore apply only to the first crop of shoots 
in the spring. Subsequent crops of shoots would doubtless vary within 
wide limits, dependent on moisture and other conditions. The material 
was collected early in the forenoon, the hour depending on the disappear- 
ance of the dew on the leaves, and only material of a certain “hardness” 
was taken. This “hardness” or shearing quality was taken as nearly 
uniformly for all samples as was possible. 

Branches were cut and enclosed in an airtight case. These were 
immediately carried to the balance, where only the succulent shoots, i. e.. 
new growth, was removed, and 200 gram samples were weighed out im- 
mediately. They were then placed in the sun to dry. By calculating the 
per cent. moisture of Table I to the moist sample and subtracting from the 
moisture as given in Table II, one may find the amount of water lost by 
drying in the sun. It will be seen that they vary from 65.9% to 81.45% 
in the amount of water driven off by air-drying in the sun. The time 
consumed in drying varied from two to five days, they being considered 
air-dry as soon as they would grind well in a drug mill. This mill was 
thoroughly cleaned after grinding each sample. The ground sample was 
immediately put into a bottle and tightly stoppered. 


1 Abstract from thesis, Ohio State University. 
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TABLE I. 


PERCENTAGES CALCULATED TO AIR-DRY WEIGHT. 


ae EEO Ether | N-free | Crude 
No. NAME OF SPECIES. ure. tein. Eextr oe Fibre Ash. 
(Oven) |(NX6.25) ; : 
S| oiibtatamiericanieils: cy sco. cico> cere ee 8.66 19.25 1.84 40.45 20.30 9.50 
2) Acer saccHarium Marsh:.:...-2...1.2--s 8.72 16.62 Pag? 49.26 17.16 6.02 
Srl Acer saccharinum Uris ac) tos anise ieee 6.84 17.50 well 57.38 9.36 5.80 
AN Wms tuliva Marche... 2.5 2saadss2 eee: 7.76 27.56 2.46 38.08 15.40 8.74 
5 | (Geltisiocerdentalis Tb..0.5.2....-0.-%--: 6.98 28.00 2.48 36.78 15.64 10.12 
6 | Robinia Pseudo-Acacia L.............. 5 56 27.13 2.54 44.17 13.96 6.64 
7. | Gleditsia triacanthos Lit =... .....0...... 7.28 30.18 3.24 38.80 14.80 5.70 
Sor Papiluralailseet t..ieee saint nok sae | 7.26 | 14.87 | 4.37 | 44.66 | 19.72 | 4.62 
9 | Liriodendron Tulipifera L...............| 7.44 18.81 Bint! 45.48 17.23 7 10 
10 | Fraxinus americana L.................-. 6.96 17.06 4.06 47.77 18.67 5.48 
MU PACODHNG SUNG UT. decries te wescenscsen|) 4500 18.81 2.80 48.91 14.63 10.06 
12 | Populus deltoides Marsh................| 5.78 16.18 4.02 49.30 16.60 8.12 
13 | Sassafras variifolium (Salisb) Ktze. .| 8.84 25.81 4.14 44.24 10.67 6.30 
14 | Liquidambra Styraciflua L............ 6.85 17.06 3.92 55.53 11.40 5.24 
15 | Gymnocladus dioica L Koch........... | 6.14 26.69 3.06 39.51 18.58 6.02 
Ga Ma lercuselaali: ware crs oc ante oe 45 6.28 17.94 3.81 45.83 21.64 4.50 
U7 | UGKCUS TUPLE Wie. Acs os. eoretla oe veer 5.52 19.25 3.82 42.42 24.29 4.70 
18 | Fagus grandifolia Ehrh................. 5.04 16.69 3.82 47.35 19.26 4.84 
19 | Platanus occidentalis L................. 4.96 22.75 2.83 44.28 18.44 6.74 
DOM MIM OLMIS TILA pens ct cya cistcrae nesses Ohce ee 5.68 28.00 3.54 39.96 12.54 10.28 
21 | Betula alba, var. papyrifera Spach...... 4.62 17.06 5.80 54.30 12.82 5.40 
22 | Prunus serotina Bhrh.................. 5.04 19.69 5.43 54.72 9.54 5.58 
23 | Catalpa speciosa Warder............... 3.70 26.25 3.41 47.94 12.06 6.64 
24 | Populus tremuloides Michx............ 4.62 Dewi 8.41 46.19 ie Pae(il 4.32 
Dry Fereps (Wolfe*). 

EBOUCLOVEL Sa rakc, ehyevenin ne vores aeteian cies sail oD 13.5 2.9 Bie 24.0 6.0 
IPeaai(blooni)"..n ae aaes te suleonrat s.r 16.7 14.3 2.6 34.2 25.2 7.0 

RII OU Usa eee ata cette eae ets 14.3 9.7 3.0 45.8 22.7 45 

OCR OC oy Aacta ta tee Cis cia tro ee eee 16.0 10.5 3.0 49.3 14.2 7.4 

DPA MEA VERN Soe Airy... te Sead cue 16.0 10.8 8.7 39.6 17.4 %.5 


*Wolfe, Emil; Landwirdschaftliche Fiitterungslehre, 3rd Ed. 
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TABLE II. 


PERCENTAGES CALCULATED TO GREEN WEIGHT. 


OND KWH 


Moisture. | Protein. N-free | Fibre. 

paion, NAeE: (AieOven)| (NXG25))) <2) | Bxteaet.\Grudeyi| 52 
BSS WOOC Es see aie wts eeearseke xt aiatil 4.6) .44 9.86 4.95 2.31 
SUSI plOss. eeaeene esrectre ss 75.40 4.47 .59 1327 4.62 1.62 
NOltgMAD erence ane citation eaters 68.23 5.96 1.06 19.56 3.19 1.97 
ve cte limicnp aces sates cere mre ats 79.10 6.24 56 8.62 3.48 1.97 
EACLE ERE Vata hits octentectasreee 79.20 6.25 55 8.22 3.49 2.26 
Blackslocusheecsere connie woe 76.15 6.85 64 11.15 3.52 1.67 
lone yalOCustaanccn acct etaeck as 77.88 7.19 stil 9.25 3.52 1.35 
Wihtterpoplarcra. cna cten ace dase Al 4.38 13a 13.62 6.01 2.93 
mip treesce ecw tree csoacea wine 80.88 3.88 81 9.39 3.55 1.46 
WADI Te aS hitcn Meeraresis cro tehiersyaincetere 76.60 4 29 1.02 12.00 4.69 1.36 
IByops Gite (ides Sa ee eA 80.61 3.80 -56 9.90 2.96 2.03 
CathonwOOdbar umes ce te cc se ae 73.94 4.47 teilit 13.63 4.47 2.24 
SASSaInas tent mera con hus biraes toraraere 82.31 5.00 80 8.58 2.07 122 
DSWEC ULI eae ore warseie nh ticlsousieehe 75.64 4.46 1.02 14.52 2.98 1.37 
Reyne cotteeitree.).\s.cest-ccee, «zane 82.54 4.95 56 7.34 3.45 112 
WWI GenO al Kern rk culteratvere thie ere ctv 68.13 6.00 1.29 15.58 Wea 1.43 
edioakoepecee a eindaoe astm ee 75.86 4.91 97 10.83 6.20 1.20 
Beechey arene Ras cose 72.69 5.66 1.03 13.61 5.53 1.39 
WVCAIMOLOAS: AON temisicisine aociecmte ey 77.04 5.49 68 10 69 4.45 1.62 
MU Dernvatiasancot at ccconl naire 82.08 Heol 67 7.58 2.38 1.95 
IIRC etek hi kre arte acreavs Ge sila ee 70.86 Daal NeW 16.58 3.91 1.64 
Wildtcherny = cmeriactmserseias anc 70.51 6.11 1.68 16.99 2.96 1.73 
Catal paar, Otte oa ae 82.13 4.86 63 8.89 2.23 1°23 
ATIMCTICAMIASPENG:: «cocina ce secre 71.18 6.87 2.54 13.95 4.14 1.38 

*Wotrr’s Data. 

Meddowrerassia-nn- secre en 80.0 ae as) 9.7 4.0 220 
BMIMOLMY Reason ae Serenene ee 70.0 3.4 ea 16.3 8.0 2.2 
Clover’(bloom))ieacscesenee eee 80.4 3.0 6 8.9 5.8 isi 
iPeast(bloom) Per ciass a): oe sent 81.5 3.2 6 7.6 5.6 1.9 
Beans (bloom) hs .22 sso nee 87.3 2.8 23 Deel sie) 1.0 
Roplamieahrecr.ita ta cc.vaeneeot se 55.0 5.8 4.6 miles 9.3 4.0 


*Wolle, Emil: Loe. cit. 
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These ground samples were subjected to analysis according to the 
method of the A. A. O. A. C. for feed stuffs. Jn order to compare with 
other similar feeds, data from the Analyses of Wolfe’ are added at the 
bottom of each table. The figures in all cases represent per cent., those 
in Table I being calculated to sun-dry sample, while those in Table II 
are calculated to green weight as collected. 

From these tables it will be seen that these shoots compare very favor- 
ably with the other green feeds usually fed, and especially numbers 4, 5, 6, 
7, 16 and 22 show a favorable protein content. By the aid of such data, it 
should not be difficult to explain why animals can live almost indefinitely 
on such food, while in the dry condition they compare favorably with 
most of the common concentrates fed to stock. The leguminous species 
No. 6 and No. 7, as well as others, are of especial interest in this con- 
nection. 

Wolfe uses a digestion coefficient which varies from approximately 
55% to TO% for the various valuable constituents. Doubtless these, too, 
would show a high degree of digestibility. 

No determinations of the amids have been made as yet, nor have the 
shoots of later dates in the season been used. These two points, along 
with an investigation of the nitrogen-free extract now in progress may be 


embodied in a later report. 


2 Loc. cit. 
Purdue University, 


November 25, 1911. 


THe New York Apple TREE CANKER 
By LEex R. HESLER 
(Abstracted from a thesis presented in competition for the Eastman Prize 


in Biology, Wabash College.) 


Much credit is due those who have aided in writing this paper; to 
Vrof. M. BG. Thomas for valuable suggestions, to Prof. Donald Reddick and 


Prof. H. H. Whetzel for suggestions and photographs. 


THE HOST 
The economic importance of the apple tree makes the disease in ques- 
tion well worth consideration. That the apple as an agricultural product 
has a vast relative value cannot be denied. We have only to turn to cer- 
tain statistics to find fairly accurate figures regarding the absolute dollar 
value of a single crop. Ganneit (03)*' estimates that the annual crop is 
worth above $175,000,000. As an orchard product, the apple comprises 
55% of orchard trees and produces 82% of the total bushels of orchard 
fruit. 
THE DISEASE 
The term “canker” has come to be a general one, and is usually applied 
to any disease which causes the death of definite areas of bark on the 
limbs and trunks of trees. Consequently some modifying term is necessary 
in order to indicate which canker is under consideration. Paddock (’99)? 
first used the name New York apple tree canker, thus distinguishing it 
from the Hurspean canker, Illinois blister canker, fire blight canker, and 
cthers. 

The disease frequently occurs on twigs, where it is usually called “twig 
blight,” but this is confusing, since this term is applied to fire blight. 
When the disease occurs on leaves it is known as “frog eye.” Black rot 
refers to the disease as it appears on fruit. 

The earlier theories regarding canker lead us to believe that the dis- 
eases under consideration probably were not the New York apple tree 

103, Gannett, H. Twelfth Census of the Uuited States 1900: 74-78. 


2799. Paddock, W. Th> New York Apple Tree Canker. N.Y. (Geneva) Agr. Exp. Sta. Bull. 
163:180. 1899. 
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canker, nevertheless, they are interesting. Parkinson (1629)! in a rare 
volume discusses canker after the following manner: “The canker is a 
shrewd disease when it happeneth to a tree; for it will eate the barke 
round, and so kill the very heart in a little space. It must be looked into 
in time before it hath runne too farre; most men do wholly cut away as 
much as is fretted with the Canker, and then dresse it, or wet it with 
vinegar, or Cowes dung and urine, ete., until it be destroyed, and after 
healed againe with your salve before appointed * * *.” Hales (1732)? 
wrote in regard to the manner in which canker spreads. Marshall? 
(1799)* says: “The canker is a disease that originates chiefly in the soil, 
pervades the juices of the plant, and finally operates towards its dissolu- 
tion.” 

Other workers have discussed canker, but Paddock (’98)* was first 
to present anything definite regarding the New York apple tree canker. 
Mangin (’02)° and Delacroix (’03)° described an apple disease. Until 
recent years there has been confusion as to the cause of the leaf-spot or 
“frog-eye” disease, but Scott and Rorer (’08S)* proved its identity with the 
canker disease. 

Geographical Distribution—The disease is known to occur in Eng- 
land, France, Austria, Italy, probably in Scotland, South Africa and in 
America. In our country it is found in practically all apple growing dis- 
tricts. 

Economic Importance.—From careful conservative estimates it has 
been determined that this disease is second in importance among the fun- 
gous diseases of the apple. The annual loss can be safely put at $10,000,- 
000, which makes it apparent that the disease is a serious one. 

Syumptoms.—The first signs of canker are usually the dying out of the 
top of affected trees (Fig. 1). Upon approaching more closely, the 
bark is found to be roughened in more or less definite areas (Fig. 2). 


11629. Parkinson, John. Pardisus Terrestris, London. 1629:5£0. 

271732. Hales, Stephen. Statical Essays. 1732:264-265. 

21799. Marshall? An Inquiry into the Cause of Diseases in Plants with Hints Respecting their 
Cure or Prevention. Edinburg (J. Ruthven and Sons). 1799:24. 

4'98. Paddock, W. An Apple Canker. Science n.s. 8:595-596. 1898. 

£02. Mangin, L. Sur une nouvelle maladie des Pommiers causee par le ‘‘Diplodia pseudo- 
Diplodia.’’ Jour. d’Agr. Prat. 2:138-139. 1902. 

603. Delacroix, G. Sur un chancre du Pommier produit par le Sphaeropsis malorum Pk, Bull. 
Soc. Myce. France. 19:132-142. 1903. 

7°08. Scott, W. M. and Rorer, J. B. Apple Leaf-Spot Caused by Sphaeropsis malorum. U.S. 
D, A,, Bu, Pl. Ind, Bull. 121:48. 1908. 
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These areas begin as slight discolorations, which become depressed, and a 
distinct crevice marks the line between the healthy and diseased bark. 
The bark may fall, exposing the wood, or it may adhere closely to the 


underlying wood. A plate of cork seems to limit for a time the extent 


Fig.1. Twenty Ounce apple tree dying from the attacks of New York apple tree canker. Note 
the characteristic dying out of the top. 


of the diseased area, but this is pierced and the healthy tissue invaded. 
Soon the affected cells are killed; they shrink, and the healthy portion 
again is separated from the diseased by a crevice and by a second plate 


of cork, This process continues until we have concentric rings as shown 
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in the figure. The writer has not seen cases where healthy wood is in- 
vaded, and the cambium is attacked only rarely. In such cases where 
only the bark layer is attacked, the canker is not so destructive as when 


it is less superficial. 


Fig. 3. Black rot of apple. Enlarged to show distribution of fruit bodies of the fungus. (After 


Whetzel.) 


“Frog-eye” spots on leaves begin as small reddish brown spots with 
purple margins. Later the spots become brown, and if infection is bad 
they may coalesce, forming large brown patches which involve a larger 
portion of the leaf. 

Black rot (Tig. 38) begins as small darkened area. After a few days 


alternating bands of lighter and darker colored brown appear, forming 
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concentric circles of uniform breadth about the point of infection. Finally 
the fruit is mummified, and according to Dandeno (’06)* there seems to 
be a distinct production of cellulose in the cell-wall of the apple, and also 
a production of starch in the invaded cells. The walls become thick and 
the fruit is temporarily in a state of preservation. 


ETIOLOGY 

The disease is caused by a fungous parasite, Sphaeropsis malorum. 
Its general nature is that of a wound parasite, though it frequently fol- 
lows blight, thus acting as a saprophyte. Its pathogenicity has been es- 
tablished by Paddock (00)° and by Scott and Rorer (1. ¢, p. 49). The 
writer has confirmed the work of these men, but at present the results 
are not entirely satisfactory. In few cases has the canker been produced 
by artificial inoculation even under the most favorable conditions. The 
only explanations at hand are that the fungus is strictly saprophytic or 
that the work was not done at the right season of the year. Where maxi- 
mum sterile conditions were maintained and where the inoculations were 
made in early summer the writer has failed to reproduce the canker dis- 
ease. Further experiments may show, however, that infection is possible 
if done at earlier seasons, perhaps at the time of the rise of sap. Leaves 
lave been inoculated in all conceivable manner, but only where spores 
were sprayed on the under side were we able to produce “frog eye.” in 
these cases abundant fruit bodies appeared. Extended discussion, as re- 
gards the pathogenicity of the organism cannot be taken up here, but it 
muy be said that the present state of our knowledge is very unsatisfactory 
and many experiments will be necessary to clear up these points. 

Synonomy.—lIn literature we find the fungus referred to as Sphaer- 
opsis malorum Berk. and S. malorwn Pk. Other names have been applied 
to the same species, so that it is only by making a careful outline of the 
work done, tracing it from its discovery to the present time, that the sit- 
uation may become clear. 

Berkeley (36)"* found a fungus which he called Sphaeria malorwm. 
He described it as follows: “Globose or subglobose, covered with a biack- 


ened cuticle; stroma blackish, cuticle erumpent, more or less strongly 
1106. Dandeno, J.B. A Stimulus to the Production of Cellulose and Starch. Rept. Mich. 
Acad. Sei. 8:40-44. 1906. 
2°00. Paddock, W. The New York Apple Tree Canker (Second Report) N. Y. (Geneva) Agr. 
Exp. Sta. Bul. 185:205-213. 1900. 
3'36. Berkeley, M.J. English Flora 5:257. 1836. 
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papille form. On apples lying on ground, Winter King’s Cliffe, Norths, 
Rev. M. J. Berkeley. Asci broadly elliptic, septate filled with yellowisb 
green granular. .... .” Why he should say “Asci septate,” etc. is not 
known. In his Outlines (’60)* he changed the name to Sphacropsis ma- 
lorum Berk. listing Sphaeria malorum in synonomy. 

Since the spores of Sphacropsis malorum are brown when mature, and 
those of Phoma are greenish, Saccardo (’84)? used the name Phoma ma- 
lorum (Berk.) Sace. for Berkeley’s fungus. In 1886, the genus Phoma 
was divided, the basis of separation being the size of the spores. Species 
of the genus Phoma with spores less than 15 microns long were retained 
in that genus, while those species with longer spores were placed in the 
genus Macrophoma. Consequently, Saccardo’s Phoma malorum (Berk.) 
Sace. was renamed by Berlese and Voglino (’86)*° as J/acrophoma malorum 
(Berk.) Berl. and Vogl. Meanwhile Dr. Peck (’78)* found a black rot 
fungus on apples which had brown spores. He believed it to be Berkeley’s 
fungus, and so called it Sphaeropsis malorwm Berk. But Saccardo (’84)’ 
believed that, since the spores were brown, Peck’s fungus was new and 
used the name Sphaeropsis malorum Pk. 

Paddock (’99)° points out that Sphacropsis mali Westd. and S. cin- 
erea (C.& E.) Sace. are identical with S. malorwm Pk. In his second re- 
port (1. ©, pp. 211-212) he states, as a result of inoculation work, that 
S. malorum Pk. occurs on apple trees, pear trees and hawthorn trees, and 
on apple, pear, and quince fruits. From this it seems that the species 
of Sphaeropsis on these different hosts are all identical with S. malorwm 
Pk. O’Gara (’02)7 records that Sphaeropsis rhoina (Schw.) Starb. on 
Rhus glabra is identical with S. malorwm Pk. 

Unfortunately it seems that species of Sphaeropsis have been con- 
fused with species of Diplodia. The two genera are almost identical, the 
chief distinction being that the spores of the former are usually 1-celled, 
while the latter embraces species with 2-celled spores. But both genera 
fail in their chief distinction, so that mycologists have frequently been 


1’60. Berkeley, M.J. Outlines of British Fungology (Lovell Reve, London). 1860:316. 

2’84. Saccardo, P. A. Sylloge Fungorum, 3:152. 1884. 

2’86. Berlese, A. N. and Voglino, P. Atti. Soc. Veneto-Trentina 1886:184. 

4’78. Peck, C.H. Report N. Y. State Mus. Nat. Hist. 31:20. 1878. 

5’84. Saccardo, P. A. Sylloge Fungorum, 3:294. 1884. 

6’99. Paddock, W. The New York Apple Tree Canker. N.Y. (Geneva) Agr. Exp. Sta, Bull. 
163:202. 1899. : 

7702. O’Gara, P.J. Notes on Canker and Black Rot. Science n.s. 16:434-435. 1902. 
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misled on this point. Fuckel (’62)* described Diplodia malorum and D 
pseudo-Diplodia on the branches of apple, and according to his descrip- 
tion 8. malorum is identical with these. Delacroix (’03)? states that, 
since S. malorum Pk. is only a species, which was formerly observed by 
Vuckel and described by him under the name Diplodia pseudo-Diplodia, 
the name S. maloruwm Pk. should disappear. As a substitute for all pre- 
vious names he says that the logical name should be Sphaeropsis pseudo- 
liiplodia (Fuckel) Delacroix. 

Scheweinitz (°34)° in his treatment of the North American Fungi de- 
scribed a fungus which he called Sphaeria Sumachi. Cook and Ellis 
(76)* evidently recognized this organism as a Sphaeropsis, for they listed 
it as Sphaeropsis Sumachi (Schw.) C. & E. giving Sphaeria Sumachi Schw. 
as a synonym. According to their description and figures, this organism 
is identical with S. malorum Pk. If this is true, then Sphaeropsis Su- 
machi (Schw.) C. & BE. is most ancient, and should stand. 

Schweinitz (1. ¢@, p. 218) described a fungus, calling it Sphaeria 
rhoina. Starback evidently considered this fungus as a Sphacropsis for 
Saceardo ((95)* lists it as Sphaeropsis rhoina (Schw.) Starb.; but we 
have not seen Starback’s original description. O’Gata (1. &, pp. 484-485), 
as we have pointed out, has shown that S. rhoina (Schw.) Starb. and S. 
malorum Pk. are identical. We find again that Schweinitz (1. ¢@, p. 219) 
described a fungus which he called Sphaeria pomorwn. Cooke (792),° 
after having examined Schweinitz’s collection, states that it should be 
classed with the species of Sphaecropsis, and that it is probably identical 
with S. malorum Pk. 

At this point it might be stated that the writer has collected species 
of Sphaeropsis on several different hosts, all of which agree morphologi- 
‘ally with the Sphaeropsis malorum of Peck; so that in order to clear up 
this confusion, these different specific names may also have to be con- 
sidered in the synonomy. This will be determined by cross-inoculation 


work. The hosts follow: Apple (wood, bark, leaf, and fruit), Rhus 

1'69. Fuckel, L. Symbolae Mycologicae. 1869:395. 

2’03. Delacroix, G. Sur l’identite reelle Sphaeropsis malorum Peck. Bull. Soc. Myc. France 
19:350-352. 1903. 

3'34. de Schweinitz, L. D. Synopsis Fungorum America boreali media degentium. Trans. 
Amier. Phil. Soe. n.s.. 4:205. 1834. : 

4'76. Cook, M.C. and Ellis, J.B. New Jersey Fungi. Grev.5:31. 1876. 

5°95. Saccardo, P.A. Sylloge Fungorum. 11:512. 1895. 

6’92. Cooke, M.C. Sphaeriaceae Imperfectae Cognitae. Grev. 20:86. 1892. 
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typhina; Peach twigs; Pear (bark and fruit); Quince (fruit and leaf) ; 
Tilia americana; Morus alba; Ulmus americana; Sambucus canadensis ; 
Hamamelis virginiana and Crab apple (bark). 

With regard to this whole situation it may be said that the suggestion 
nade by Dr. Peck (’81)* should have prevented any such confusions. He 
states that Diplodia and Sphaecropsis are merely form genera, and that 
both fail in their chief distinction. Accordingly the oldest generic name 
should be selected for species like this one, where spores are such that it 
may be classed either as Sphaeropsis or Diplodia, and further the sep- 
aration of the two genera on the basis of the presence or absence of a 
septum in the spores seems little warranted. It seems that Saccardo was 
fittle justified in changing the name Sphacropsis malorum Berk. to Phoma 
malorum (Berk.) Sacec., for it is quite possible that Berkeley described 
an immature organism. It is quite common to find spores greenish in 
black rot of apples. After maturing they are brownish. 

The discussion of such a situation in regard to the name of a fungus 
may seem somewhat unimportant, yet it serves as a good example of 
some of the lack of thorough investigation and the mere guessing at de- 
tails, which lead to just such confusion. As yet the writer is not wholly 
satisfied with any of the names. The types of several species will have 
to be carefully compared before any name can be accepted. 

Tn concluding this phase of the subject there are listed a number of 
species with citations to literature, which it seems to the writer must be 
considered in determining the correct name of this fungus, and which 
names should appear in synonomy. 

Sphaeria Sumachi Schw. 

Trans. Amer. Phil. Soc. n.s. 4:205. 1834. 
Sphaeria rhoina Schw. 

Trans. Amer. Phil. Soc. n.s. 4:218. 1834. 
Sphaeria pomorum Schw. 

Trans. Amer. Phil. Soe. n.s. 4:219. 1834. 
Sphaeria malorum Berk. 

Eng. Flora. 5:257-258. 1836. 
Podosporium demersum Bon. 

Handb. 1851:227. 


1781, Peck, C. H. Report of the Botanist, N. Y. State Mus. Nat. Hist. 34:36. 1881. 
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Sphaeropsis matorum Berk. 
Outlines Brit. Fung. 1860:316. 
Diplodia pseudo-Diplodia Fckl. 
Sym. Mye. 1869 :393. 
Diplodia matlorum Fekl. 
Sym. Myce. 1869:395. 
Sphacropsis Sumachi (Schw.) C. & i. 
Grev. 5:31. 1876. 
Macroplodia cinerea C. & Ks. 
Grev. 6:2. 1877. 
Sphacropsis cydoniae C. & BE. 
Grev. 6:84. 1878. 
Phoma malorum (Berk.) Sace. 
Syll. Fung. 3:152. 1884. 
Sphaecropsis dermersa (Bon.) Sace. 
Syll. Fung. 3:298. 1884. 
Sphaeropsis cinerea (C, & BE.) Sace. 
Syll. Fung. 3:293. 1884. 
Macroplodia mali Westd. 
Lamb. Fl. Myce. Belg. 3:66. 
Sphacropsis Mali (West) Sace. 
Syll. Fung. 3:293. 1884. 
Sphaeropsis malorum Pk. 
Syll. Fung. 3:294. 1884. 
Macrophoma malorum (Berk.) Berl. et Vogl. 
Atti. Soc. Myc. Veneto-Trentina i886 :154. 
Sphaeropsis pseudo-Diplodia (Feckl.) Delacr. 
Bull. Soc. Mye. France, 19:350-352. 1903. 


LIFE HISTORY 

Upon examination of a cankered limb, epecially if comparatively 
young, pycnidia will be found. Occasionally, too, they are developed on 
leaves, and very abundantly on the fruit. They are borne beneath the 
cuticle, which is ruptured at their maturity, and a papillate ostiolum 
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protrudes (Fig. 4). The size of pycnidium varies from 200-270 microns 
in the vertical diameter, by 180-210 microns in the horizontal diameter. 
Typically, there is a unilocular spore-bearing cavity and an ostiole; how- 
eyer, certain conditions of culture have developed pycnidia which lack 
the ostiole (Fig. 5). This has been observed by Walker (‘OS)? who 
regarded the character as sufficient to call it a ‘new form.’ Whether or 
not this is so to be regarded cannot be said, but the strain which pro- 
duced pycnidia in our culture lacking the ostiole, originally possessed an 
estiole in nature. Jsolations were made from unilocular pycnidia and 
when mature fruit bodies had developed in culture, they were larger, 
measuring 400-GO0 microns x 660-720 microns, and were multilocular. Just 


Low we are to interpret these variations is yet a question, but it seems 


Fig. 4. Camera lucida drawing of a typical pyenidiam of Sphaeropsis malorum. 


that they are not to be taken too seriously when questions of taxonomy 
are involved. If these characters were constant they would be more 
important, but since they are only variations, little importance should be 
attached to the absence of an ostiole or to the number of conceptacles. 

The pyenidial wall is thick, but not uniformly so. The reason for any 
variation in thickness may be that less protection is needed at the base, 
ov that its thickness, there, is determined by purely mechanical pressure 
brought about by the resistance offered to the apex of the pyenidium by 
the epidermal and cuticular layers of the host tissue. It is made up of 
two distinct layers, the pseudo-cells of which are very thick-walled and 
black, and an inner layer of thin-walled cells. 

Conidiophores arise from all points of the inner layer and extend 
entad. They are variously shaped and each is terminated by a conidium 


1708. Walker, L. B. A New Form of Sphaeropsis on Apples. Nebr. Agr. Exp. Sta. Rept 
21:31-44. 1908. 
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or pycnospore. A spore arises as a swelling at the tip of the stalk which 
bears it and after it has reached a certain size, is cut off by a septum. 
Spores vary in color, size, and shape. When young they are hyaline, later 
becoming greenish, and when mature are brownish. they may or may 
1ot become septate; just what determines this is not understood. One- 
celled spores in some cases develop two-celled spores in culture. The 
sporophore is binucleate (Fig. 4) and as the swelling begins at the ter- 


minal end, one nucleus passes into the swelling. About this time, a con- 


Piz. 5. Pootomicrograpo oO: a pyeaidiam ia mediaa soecion, developed on fruit of apple by 
artificial inoculation, Note the absence of an ostiole. 


striction begins to appear a short distance from the spore-end of the 
stalk. This marks the line of detachment of the spore from the sporo-. 
phore. Further development cannot be given at present, except to say 
tbat the mature spore is binucleate. The most noteworthy difference in 
size of spores is that they are larger on fruit and in culture than on 
limbs or leaves. There is also slight variation with host-plants. 

Spores readily germinate in water (Fig. 6), about six hours being 
required, though we have observed germination after three hours. The 


tube first appears as a slight swelling at one end or the side. Two-celled 
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spores frequently put out two germ tubes. Those kept in the laboratory 
tor a year have been found capable of germination. 

Micro-conidia have been found frequently in cultures. They are pro- 
‘duced near the tips of young mycelial threads and will reproduce the 
fungus when sown in pure culture. They are colorless and measure 


3.6-6.3 x 7T-14.5 microns. 


Fiz.6. Spores. Germinated in water after a few hours. 


Fig. 7. Chlamydospores produced in culture after four months. Germinated in water aiter a 
few hours. 


Chlamydospores are also quite common (Fig. 7). The first notice 
of these bodies was made in agar cultures about three months old. Their 
formation seems to be brought about as a result of certain mycelial cells 
becoming rich in protoplasm and becoming delimited by transverse walls 
to form the chlamydospore, which later acquires a thick membrane. In 
older cultures, oil drops have been seen in the chlamydospores. These 
germinate readily in water (Fig 5). 


[2229034] 
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The Mycelium.—The germ-tube as it branches to develop the mycelium 
is at first hyaline, but soon becomes darker. In old cultures it is very dark 
brown. The contents are granular, glycogen frequently being present. Its 
"diameter ranges from 4-10 microns; averaging about 7 microns. 

The ascogonous form has been reported by Shear (710),5 who sowed 
ascopores of Melanops quercuum (Schw.) Rehm forma vitis Sace. and 
obtained brown pycnospores which agree morphologically with those of 
S. malorum Pk. and Diplodia pseudo-Diplodia Fekl. 

Pure Cultures.—Yhbe fungus grows and fruits well on any of the 
media which we have used, including several vegetable and fruit decoc- 
tien agars. Growth is at first cottony, the colonies effuse and radiating. 
The brown color characteristic of the older threads soon spreads through 
the aerial hyphie until only the extreme surface threads remain a light 
gray color. The production of pycnidia in culture has never failed in our 
experience, and at present we have about fifty different strains growing. 
Whether or not certain strains will not fruit in culture remains to be 
tested. 

CONTROL 

Preventive measures have not been carefully worked out, though a 
few general suggestions can be given. 

So far as an immediate remedy is concerned it seems that eradica- 
tion, protection and immunization are points most worthy of considera- 
tion. Clean eulture should be practiced along with surgical measures. 
Cankers should be cleaned out and this done carefully. Whether this is 
practicable or not depends upon the energies of the grower. In one or- 
chard of about 400 trees which we call to mind, the work was done ef- 
fectively at a cost of about twenty-five cents per tree. In removing can- 
kered spots, all diseased bark should be removed, the wounds disinfected 
with corrosive sublimate (1-1000) and painted with coal gas tar. Tools 
which we have found convenient are those which any farmer has, namely, 
a draw-shave, a farrier’s knife for trimming the margin of the wound, 
and the necessary coal tar and disinfectant. In performing these opera- 
tions, as well as when picking the fruit, it is recommended the work- 
men use care about breaking the bark. Any such wounds are only an 


open door for the fungus. 


1110. Shear, C. L. Life History of Melanops quercuum (S:hw.) Rehm. forma vitis Sace. 
Science n.s. 31:748. 1910. 
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Spraying for canker is practiced; but do not misunderstand what is 
meant. If the organism is established then it is likely that spraying will 
not be effective, but trees can be protected against infection. It is often 
stated that canker is not found in well managed orchards, but this has 
1ot been our observation. Even in some of the best cared for orchards 
we have found the most cankers. In these cases, either the fungus gained 
eutrance to the Cambium in only a few instances, or if it did pierce this 
layer, the limbs were cut off just back of the diseased area and a new 
shoot allowed to form. 

Tt has been noticed for a number of years that not all varieties are 
attacked. We have in mind an orchard in which three rows were the 
Twenty Ounce variety. Other varieties on either side were unaffected. 
Just why this difference? Is it due to the virulence of the fungus or does 
it depend upon increased susceptibility of the host, this in turn to be at- 
tributed to some subtle change in nutrition, soil condition, or some other 
everlooked factors of environment? Soil conditions were apparently uni- 
form, so that some more remote factor must have contributed to this 
phenomenon. 

Is it possible to inject into a tree a substance which would render it 
immune? It is claimed by some that such a thing is possible. After all, 
then, just how far is the canker fungus responsible for the destruction of 
the host? May not its invasion be the result of changes from some of the 
causes suggested rather than the direct work of the parasite? The ques- 
tions are only to be answered by hoping that future investigation will reveal 
some of these remote, yet interesting, questions to such an extent that 


economic conditions generally will be benefited, 


Wabash College, 
Crawfordsville, Ind., June 1911, 
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VALUE OF FERTILIZING CONSTITUENTS OF WEEDS OF INDIANA. 
ANALYSIS OF [RONWEEDS. 


By FRANK MatTHeERS AND Miss Gait M. STaApp. 


This paper is the beginning of work to determine the value of weeds. 
Tronweeds, which grow everywhere in great abundance, were selected for 
analysis. Samples were collected from the university campus on Sep- 
tember 29, 1911. They were cut into small pieces and dried for several 
days in the air. Finally the material was dried for several hours at about 
SO°. The analysis was made upon this dried sample, but the results were 
calculated to the air dried material. The loss on drying was 14 per cent. 


The analyses’ of several ether substances are given in this table for com- 


parison. 
Per CENT OF 
s Value per Ton.* 
Nitrogen. eons: ne Potash. 
Acid. 
J 1.29 0.66 0.95 

r Lo ae Oak e (0) 
Tronweeds \ 1.28 0.63 0.98 \ $6 5 
SUCKED ASS ernie surN es aielsnte et eleee 1.19 0.40 iLeGYY 6 65 
@xeyeldaisy ser sche roe 0.28 0.44 125) 3 28 
Wikhlesttistia wea cfasa. at ctmvecscitenr 0.59 0.12 0.5 2 87 
Roxbelepap serine ree eres Cenc] eee mle 0.44 1.99 8 45 
Corn stover (fodder)............. 1.04 0.29 1.40 5 76 
einivO Ub veh avin cea tracts sores ii) 0.53 0.90 6 24 
RUCGNCOD ee Se eee tek eee Ae ibaa} 0.36 1.02 4 14 
EVE CIRC LOWEN men cer ciate aan tise aAecar® 2.07 0.38 2.20 10 54 


*The values used for N, P2O5 and K20O are 18, 6 and 6 cents per pound respectively. 


These calculations do not consider the value of the organic matter, 
which is really the thing of greatest importance in manures and soiling 
crops. The values assigned represent the cost of a commercial fertilizer 
ecntaining the same amounts of nitrogen, phosphoric acid and potash. 


1 Yearbook of the U.S. Dept. of Agriculture, 20: 611 (1896), 
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The object of this work is to point out the value of weeds and to 
call attention to the possibilities of utilizing these waste products for 
increasing the fertility of the soil. Many tons of ironweeds grow each 
summer in the pasture fields of the State. In some cases the weeds are 
cut but are not used in any way. The cost of cutting, raking, hauling and 
scattering these weeds upon some field under cultivation would be only 
a small part of their value. If there were a market for ironweeds at 
say $2.50 per ton, farmers would harvest the entire crop. Then why are 
the ironweeds not used by the farmer himself, since they are worth $6.50 
to him? The value of clover as a fertilizing material is recognized by 
everyone, but ironweeds, which are worth CO per cent. as much as clover, 
ure never considered of any value whatever. 


Indiana University, Bloomington, 


343 


THE PREVALENCE AND PREVENTION OF STINKING SmuT IN INDIANA. 


By C. R. Orton. 


In bringing before the Academy the subject of “Stinking Smut” the 
writer wishes to impress upon its members the fact that this disease is 
of considerable economic importance, and that so far little, if any, sys- 
tematic effort has been made to eradicate it. It is hoped that the im- 
portance of this disease will soon be brought before the wheat growers 
and agriculturists of Indiana, and since the disease is one which has been 
proved, both experimentally and practically, to be easily and cheaply 
prevented, that active measures will be taken to check its further spread 
in the State. 

There is little doubt that stinking smut has been present in Indiana 
since the introduction of wheat growing in the State, and that in some 
years comparatively small loss has been occasioned, but it is not a mat- 
ter of doubt that in some years a very severe loss is reported which 
amounts to startling figures when represented in monetary values. 

There have been several bulletins’ issued from the Purdue Experi- 
ment Station in years past concerning this disease, but none which have 
given any definite information regarding its prevalence throughout the 
State. 

In the fall and winter of 1910-11, Dr. Frank D. Kern, Associate 
Botanist at the Purdue Experiment Station, sent out from that Depart- 
ment about 1,200 interrogatory letters, one of which is here reproduced, 
tc the leading elevators and grain dealers throughout the State, each 
county being represented. 


COUD Yee Saoetet otek cane na ; 


Did stinking smut of wheat occur in your yicinity the past season? 


iat le 58) 6 eye) 


*Arthur, J.C. Smut of Wheat and Oats. Bull. Agr. Exp. Sta. of Ind, 28:1889. 

Arthur, J.C. Treatment of Smut in Wheat. Bull. Agr. Exp. Sta. of Ind. 32, 2:1890. 

Arthur, J.C. and Johnson, A.G. The Loose Smut of Oats and Stinking Smut of Wheat and 
their Prevention. Circular Agr. Exp. Sta. of Ind. 22. 1910. 


344 


If so, to what extent? (General, local, or occasional.)......... wiccetete 


About how many bushels of smutted wheat from the past season’s 


Kindly estimate as closely as possible the total number of bushels of 
smutted wheat from the past season’s crop bought in your county...... 
What was the general average of dockage in your county?.......... 
Is the formaldehyde (formalin) seed treatment practiced in your ter- 


MUTOL ee « stavevs Mic erees iene leave ae 


What are the greatest pests of wheat, and the greatest drawbacks to 
LES sSUCCESSHU ICULGUTe = 1)! VOUT VACUO G Vern ecrcteuchoy uel ecoithe wus scare eakeiana aioe Rote 


In your opinion how may these be overcome?”’..............¢..++- 8 


The following statistics are compiled from 503 replies to these let- 
ters: Five counties were not heard from. Reporters from Benton County 
replied that no wheat was raised in that county. Wight counties reported 
that stinking smut did not occur with them, and eight counties reported 
it as occurring, but did not report the amount of smut estimated present 
or actually purchased. This leaves seventy counties from which we com- 
pile our statistics. From these seventy counties 422 reports were re- 
turned, of which practically all stated that stinking smut occurred locally 
or generally with them, showing that it is thoroughly distributed through- 
out the State. 

Of these 422 reporters who replied, only 247 reported the number of 
bushels of smutty wheat which they actually purchased. These were in 
varying amounts from fifty bushels by one correspondent in Morgan 
County, to 150,000 bushels by another in Vigo County. In all there were 
$85,610 bushels actually purchased by them. This was ‘docked’ varying 
amounts, from 2 cents to 40 cents per bushel, averaging S4 cents per bushel. 
This made a total reported loss to the State for 1910 of $75,276.85. Con- 
sidering that only 247 of the 1,200 dealers written to replied with figures 
from which we can draw conclusions, it seems very conservative to esti- 
mate the actual loss from stinking smut to be three times that reported, 
or about $225,000 for the State. 


DESCRIPTION OF THE FUNGUS. 
It is not the purpose of the writer of this article, in the treatment 


of the subject-matter at hand, to attempt a technical description of the 
fungus popularly called ‘stinking smut of wheat,’ or known scientifically 


as Tilletia foetens (B. & C.) Trel. It is in order that those not acquainted 
with the disease may recognize it that a brief description is here included. 

The fungus belongs to a family of the smuts which form their spore 
masses usually within the ovaries of various grains and grasses. In this 
particular it differs materially from the so-called “loose smut” of oats, 
wheat and barley. The spores when mature render the seed coat brittle and 
it is soon ruptured. The spores in dissemination become attached to the 
sound seed and remain there until planted. Germination of the smut 
spores takes place about the same time that germination of the wheat 
kernel occurs. This is an especially favorable time for the vegetative 
growth (mycelium) of the fungus to invade the soft tissues of the wheat 
seedling, and their growth and development goes on simultaneously. When 
the wheat plant has attained its growth and is forming its seed, the 
fungus has also attained to its maximum mycelial development and pro- 
duces its spores within the maturing kernel of the wheat. These spores 
soon mature and form a greasy mass of dark brown color which gives off 
a disagreeable odor if the seed coats become ruptured. They are soon 
disseminated by various agents. 

Thus the wheat, instead of growing sound heads, produces heads 
which are light and chaffy and worse than worthless, for any appreciable 
emount of them ground together with sound seed produces an unmarket- 
able flour. They are also a very grave source of further contamina- 
tion and infection of seed wheat. <A field infected with stinking smut or 
a bin of wheat containing a very small per cent. of stinking smut is 
readily detected by the strong disagreeable odor it gives off. Thus it is 
that grain dealers and elevator men instantly detect stinking smut in the 
wheat they buy. 


PREVENTION AND TREATMENT. 

From the nature of the disease and its habit of growth it is readily 
understood that a contact fungicide should be effective in controlling this 
disease. It has been conclusively demonstrated by several experimental 
workers, including the Purdue Experiment Station, that the following 


treatment of seed wheat will entirely prevent it and at a very low cost. 
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This is quite clearly brought out in the report. Of the five hundred and 
three reporters, only forty-four knew of the formaldehyde treatment being 
tried for stinking smut, and forty-two of these had been successful. The 
two failures reported could easily have been caused by careless methods 
of treatment or perhaps by storing in contaminated vessels after treat- 
ment. 

The formaldehyde treatment consists in spreading the seed on a tight 
floor or canvas and sprinkling until thoroughly moist with a .1% formalde- 
hyde solution (made by adding one pound of 40% commercial formaldehyde 
to about 50 gallons of water). The grain should be shoveled over several 
times during the sprinkling process in order that the formaldehyde may be 
evenly distributed. It should then be shoveled into a pile and covered 
with Canvas, or some closely woven material, for about two hours. The 
covering should then be removed and the grain either planted immediately 
or else dried by shoveling or spreading the seed into a thin layer and 
stirring occasionally. It may then be stored, care being taken to thoroughly 
disinfect the bins or sacks in which the treated wheat is placed. 

The cost of treating the seed required to plant the crop of 1910 is 
estimated as follows: By multiplying the number of acres planted in 
wheat, or 2,¢27,000, by one and one-quarter bushels, or the amount of 
seed planted per acre, we obtain 8,283,750 bushels of seed required to 
raise a crop equal to that of 1910. 

Figuring that formaldehyde costs 40 cents per pound, and that one 
pound mixed with 50 gallons of water will be sufficient to disinfect *0 
bushels of seed, we have a cost of the formaldehyde for treating one 
bushel, of approximately one-half cent. 

Then the amount of seed required, or 3,283,750 bushels multiplied 
by one-half cent, gives $16,418.75, or the cost of the formaldehyde for treat- 
ing all the seed wheat planted in the State. This sum subtracted from 
the estimated loss of $225,000, leaves $208,582, approximately, which 
would be the gain to the State in one year by treating the seed wheat 
with formaldehyde. These figures need no emphasis. The whole subject 
is one which is now in the hands of the farmer. It is for him to decide 
whether he wants to prevent this heavy loss or not. The Purdue Pxperi- 
ment Station is anxious to assist, in every possible way, those interested 
in this work. 

Purdue University, 


Lafayette, Indiana, 
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INDIANA F'uneI-II. 
J. M. VAN Hook. 


The collecting of fleshy fungi during the months of July and August 
was almost a total failure, due to the extreme dry weather. On the other 
hand, the continued rainfall during September and October was _ pro- 
ductive of a great many species common to the fall months. Many of 
these had not been met with during the four years previous to 1911. It 
is interesting to observe during such seasons how the rains will awaken 
apparently dormant mycelia. which produce immense quantities of sporo- 
phores. Moreover these seem most abundant on dry exposed hillsides, 
which under ordinary conditions produce but few mushrooms. y 

One plant not previously observed was Armillaria nardosmia Ell. 
This species grew in abundance in several places in Brown and Monroe 
counties in October. It is one of our most attractive mushrooms (Fig. 1). 
In color and general appearance it reminds one of the soft feathers of 
our native pheasant. 

Likewise specimens of Lactarius sordidus Pk. were abundant in sit- 
uations commonly very dry. (Fig. 2.) 

One of the most interesting things ever observed by the writer was 
a most splendid fairy ring formed by Clavaria formosa Pers. This ring 
was complete; about twenty feet in diameter and composed of ‘‘bunches”’ 
for the most part six or eight inches in‘ height and two to four inches in 
diameter. 

One species collected the year before and resembling in its manner 
ot growth Institale maxima, which is occasionally found on the hymenium 
of the common F'omes applanatus, was found on the hymenium of a re- 
supinate form of F'omes conchatus. Specimens of this were sent to Dr. 
Peck, who describes it in the New York State Museum Report for 1910 as 
a new species, Sporotrichum chryseum Pk. The following is his English 
description: ‘Hyphz slender, 3-4 microns thick, continuous, long, intri- 
eate, hyaline, forming a soft, thin, subrosy separable membrane, golden 
yellow beneath; spores abundant, minute, globose, 2.5-3 microns in diam- 
eter.” 
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“On the hymenium of a resupinate form of Yomes conchatus (Pers.) 
Fr., Bloomington, Indiana, J. M. Van Hook.” 

Most of the fungi collected during the year have as yet not been 
identified. The list for 1911 includes only species new to Indiana Uni- 
versity herbarium and collected in the State. 

The Myxomycetes, omitted from last year’s list, are here included. 
All specimens not otherwise marked were determined by myself and col- 
lected in 1911. 


USTILAGINEA. 
Ustilago anomala J. Kunze. On Polygonum scandens. Coll. F. L. 


Pickett, Monroe County, October. 


POLYPORACHA. 
3oletus cyanescens Bull. Ground, rich leaf mold, woods. Clark 
County, September 8, 1910. J. M. VY. 
Polyporus berkeleyi Fr. Growing from the ground but attached to 
the root of an oak stump. Monroe County, July 15. Cue. 


AGARICACEH. 

Agaricus abruptus Pk. Monroe County, October 4. Meier. 

Amanita Caesarea Scop. Ground, Campus, September 27. 

Armillaria nardosmia Ell. Ground, Monroe County, October 4. Det. 
Pice(Seeekis: 1.)- J-aMiaVv. 

Collybia zonata Pk. Ground, Monroe County, October 4. J. M. V. 

Cortinarius cylindripes Kauff. Ground, Monroe County, October 4. 
J7 Me Ve 

Hygrophorus pratensis (Pers.) Fr. Ground, forming a fairy ring, 
Monroe County, October 10. Edmondson. 

Lactarius camphoratus (Bull.) Fr. Ground, Monroe County, October 
Ose eve 

Lepiota conspureata (Willd.) Morg. Rich humus, campus, under 
trees, October 9. J. M. VY. 

Lepiota virescens (Speg.) Morg. Ground, campus, September 27. 
Meier. 

Marasmius delectans Fr. On dead leaves, ground, campus, September 
Die) os Vs 


ool 


Pholiota angustipes Pk. Lawn, Monroe County, October 12. J. M. V. 

Russula lepida Fr. Woods, ground, July 12, Brown County. J. M. V. 

Russula sordida Pk. Low wet ground, beech woods, Brown County, 
July 12. J. MV 

LYCOPERDINE. 

Lycoperdon cruciatum Rost. Ground, between cement blocks, Kosci- 
usko County, September 28. Hlder. 

Tylostoma verrucosum Morg. On very rich leaf mold, campus, Octo- 
ber 2. Woolery. 

ASCOMYCETHS. 

Didymella lophospora Sacec. & Speg. On living leaves of Quercus rubra, 
Monroe County, November 38. Sutton. 

Dothidella ulmea (Schw.) E. & HE. On fallen leaves of Ulnus ameri- 
cana, campus, December. J. M. V. 

Erysiphe graminis DC. On old wheat straw, Monroe County, August 
9. Pickett. 

Erysiphe polygoni DC. On Polygonum aviculare, campus, August 17. 
As JW Eas 

Helvella lacunosa Afz. Ground, top of hill, Monroe County, October 
Zils eOVL.. Vi, 

Hypoxylon atropurpureum Fr. On beech, Monroe County, November 
12, 1910. Owens. Det. Pk. 

Hypoxylon effusum Nitschke. On elm, Monroe County, January 7, 
1910. Owens. 

Hypoxylon marginatum (Schw.) Berk. On oak, Monroe County, No- 
vember 25, 1910. Owens. 

Hypoxylon multiforme Fr. On beech, Monroe County, November 12, 
1910. Owens. 

Hypoxylon perforatum (Schw.) Fr. On ash, Monroe County, January, 
1910. Owens. 

Hypoxylon rubiginosum (Pers.) Fr. On elm, Monroe County, January 
28, 1910. Owens. Det. Pk. 

Hypoxylon sassafras Schw. On sassafras, Monroe County, February 
11, 1911. Owens. 

Nummularia microplaca B. & C. On sassafras, Monroe County, Jan- 


lary 28, 1911, Owens. 
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Nummularia repanda (Fr.) Nitsch. On elm, Monroe County, November 
25, 1911. Owens. 

Rhytisma acerinum (Pers.) Fr. On living leaves of Acer rubrum, 
Monroe County, October. Sutton. 

tosellinia subiculata (Schw.) Sace. On stump of Liriodendron tulipi- 
fera, Clark County, November 2, 1908. J. M. V. 

Valsaria exasperens (Ger.) Sace. On beech bark, Monroe County, No- 
vember 18. Owens. Det. Owens. 


SPHAZROPSIDALES. 

Phyllosticta cercidicola EK. & E. On living leaves of Cercis canadensis, 
Monroe County, October. Sutton. 

Phyllosticta cruenta (Fr.) Kickx. On living leaves of Smilax rotundi- 
folia, Monroe County, August 17, 1909. Shekell & Culp. 

Phyllosticta faginea Pk. On living leaves of Fagus ferruginea, Mon- 
roe County, August 17, 1909. Shekell & Culp. 

Phyllosticta labruscae Thuem. On living leaves of Vitis cordifolia, 
August 17, 1909. Monroe County. Shekell & Culp. 

Phyllosticta solitaria BE. & FE. On Maiden Blush apples, fall of 1909. 
Clark County. J. M. V. 

Septoria erigerontis B. & C. On Erigeron sp., Monroe County, August 
11, 1909.: J. M. VY. & Culp. 


MELANCONIALES. 

Colletotrichum trifolii Bain. On red clover, Monroe County, June 6, 
1908. adie Ve 

Cylindrosporium toxicodendri (Curt.) E. & E. On living leaves of 
Ithus toxicodendron, Monroe County, fall of 1910. J. M. V. 

Gloeosporium septorioides Sace. On living leaves of Quercus rubra, 
Monroe County, August 17, 1909. Shekell & Culp. (Some spores appear 
one-septate. This is Marsonia quercina Wint.) 

Marsonia martini Sacc. & Ell. On living leaves of oak, Monroe 
County, fall of 1910. J. M. V. 


HYPHOMYCETRS. 
Cercospora cercidicola Ell. On living leaves of Cercis canadensis, Mon- 
roe County, fal] of 1910. J. M, V, 
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Cercospora granuliformis Ell. & Hollw. On living leaves of Viola 
eucullata, Clark County, September 21, 1906. J. M. V. (Varies slightly 
from the description. ) 

Cercospora oculta Ell. & Kell. On living leaves of Vernonia novebora- 
censis, Monroe County, August 11, 1909. J. M. V. 

Cercospora violae Sacc. On living leaves of Viola cucullata, campus, 
August 11, 1909. J. M. V. (Spores as much as 250 microns long. Conidio- 
phores up to 150 long.) 

Sporotrichum chryseum Pk. On the hymenium of a resupinate form 
of Fomes conchatus. In Monroe County or Brown County. Exact location 
not known. Data temporarily lost. Fall of 1909 or 1910. J. M. V. 


MYXOMYCETES. 

Areyria denudata (Linn.) Sheldon. October 28, 1901, Monroe County. 
Mutchler. 

Dictydiaum cancellatum (Batsch.) Macbr. Mutchler. 

Dianema depressum List. Mutchler. 

Fuligo ovata (Schaeff.) Macbr. On bark of rotten hickory log, Mon- 
roe County, November 11, 1908. J. M. V. 

Hemitrichia clavata (Pers.) Rost. Monroe County, October 29, 1901. 
Mutchler. 

Heinitrichia leiocarpa (Cke.) Macbr. Monroe County, October 29, 1901. 
Mutchler. 

Hemitrichia stipata (Schw.) Macbr. Monroe County, October 25, 1901. 
Mutchler. 

Hemitrichia vesparum (Batsch.) Macbr. Monroe County, November 4, 
1901. Mutchler. 

Lamproderma scintillans (B. & Br.) List. On oak bark, Brown County, 
August 25, 1908. J. M. V. 

Lycogola epidendrum (Buxb.) Fr. Montgomery County, November 
5, 1908. Wood. 

Oligonema nitens (Lib.) Rost. Monroe County, October 25, 1901. 
Mutchler. 

Perichaena variabilis Rost. Monroe County, October 20, 1901. Mutch- 
ler. 

Plasmodiophora brassiczee Wor. (No data as to county.) 

Stemonitis ferruginea Ehrenb. Monroe County, October 25, 1901. 
Mutchler. 
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Stemonitis fusca (Roth.) Rost. Brown County, October 22, 1908. 
On rotten log. J. M. V. 

Stemonitis smithii Macbr. Winter 1897. Copeland. Monroe County. 

Trichia contorta Rost. Monroe County, October 25, 1901. Mutchler. 

Trichia decipiens (Pers.) Macbr. Monroe County, October 22, 1901. 
Mutchler. 

Trichia fayoginea (Batsch.) Pers. Monroe County, October 30, 1901. 
Mutchler. 

Trichia persimilis Karst. Monroe County, October 25, 1901. Mutch- 
ler. 

Trichia scabra Rost. Monroe County, fall of 1908. J. M. V. 
Indiana University, 
December 1, 1911. 
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DISEASES OF GINSENG CAUSED BY SCLEROTINIAS. 


By Gro. A. OSNER. 


The diseases of ginseng may be divided into two main classes; first, 
those which attack primarily only the part above ground, and second, 
those which directly affect the root of the plant. Of the former class, 
the two most destructive diseases are the Alternaria Blight and Phytoph- 
thora Mildew. Of the latter class, four or five of the most important 
cnes may be mentioned, among which are: Wilt, End or Fiber Rot, Soft 
Rot, and those diseases caused by Sclerotinias—the Black and Crown 


Rots. It is with the two last named diseases that this paper deals. 


Fig. 1. Photograph of a portion of a ginseng garden, showing a spot in one of the beds killed 
by Black Rog fungus. 


The Sclerotinias are characterized during the vegetative stage by the 
formation of sclerotia. The sclerotia are white when first formed, but 
soon the outer cellular layers become black and more or less roughened. 
These sclerotia are usually formed abundantly on the diseased root, es- 
pecially during the later stages, thus affording an easy means of dis- 
tinguishing these diseases. 

There are two distinct types of Sclerotinial diseases of ginseng; one 
in which the entire root becomes black and covered with hard black 
sclerotia and the other in which the root retains its natural color, but in 
which a number of black sclerotia are developed on the outside. The 
former type is known as Black Rot and is familiar enough in those gar- 
dens infested by it. The diseases of the latter type have collectively gone 
under the name Crown Rot,. although it is by no means certain that the 
various diseases given this name have all been caused by the same or- 
ganism. 

It was with the object of determining the name and characteristics of 
each organism connected with these diseases and of finding some means 
for successfully combating them that the present investigation was under- 
taken. The work during the summer of 1910 was carried on at Cornell 
University under the direction of Prof. H. H. Whetzel, to whom grateful 
acknowledgments are due for the use of his private notes collected during 
his work on ginseng diseases. The work was continued during the past 
winter in the laboratories of the Botanical Department of Wabash Col- 
lege under the direction of Prof. M. B. Thomas. 


BLACK ROT. 


The first recorded mention of this disease was by Van Hook (04) 
from a ginseng garden in New York. However, with the increased culti- 
vation of ginseng it has spread, until last summer it was reported not only 
from several counties in New York but from other States as well. While 
to the author’s knowledge, its destruction has been extensive in only a 
few cases, it is well worth while to be on the lookout for it, as this dis- 
ease is very difficult to eradicate when once it obtains a foothold. 

Roots attacked by Black Rot are coal black in color when dug, chang- 
ing to a dirty gray when dried. They are devoid of all their small fibrous 


(04) Van Hook, J. M. Diseases of Ginseng. New York (Cornell) Agr. Exp. 
Sta. Bul. 219: 1. c. 181-182. 1904. 
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roots and are covered with many black protuberances or sclerotia. The 
disease is caused by a soil fungus which penetrates the epidermis of the 
root, attacking and breaking down the tissue, which is replaced by a 
tangled compact mass of mycelial threads. The fungus is apparently able 
to gain entrance into any part of the root, as some infections were found 
which had started at the crown while others seemed to have originated 
in the smaller roots. The outer tissue is first attacked, the mycelium 
gradually turning black and giving the root its characteristic appearance. 
At this stage the center of the root still retains its natural color, but in- 
stead of being compact and brittle is rather soft and watery, while the 
whole root is tough and pliable. Infected roots which have lain in the 


years gradually become black throughout and _ finally 


seil two or three } 
decay. 

One of the peculiar things about this fungus is that its period of 
attack is during the winter. Healthy roots with well-formed buds, when 
set in the fall in infected soil, fail to send up shoots the following spring, 
end on examination are found diseased with Black Rot, the blackening 
by this time usually extending one-fourth of the way to the center. After 
the plants come up in the spring, with the return of warm weather, there 
is no further spread of the disease until the next winter. In working 
with the fungus in pure culture in the summer, an ice-box is necessary, 
as it will not grow at the ordinary temperature. 

The organism causing this disease is a new species of fungus belonging 
to the genus Sclerotinia. The mycelium is septate, branching, and when 
cld becomes more or less blackened. In pure culture it grows luxuriantly 
on almost any medium if kept at a temperature of 40° Fahr. On nutrient 
agar or potato agar, sclerotia are produced in three to six days. The 
sclerotia are at first white compact masses of tangled mycelium, which 
soon become black on the outside. They are for the purpose of producing 
the perfect stage and carrying the fungus over unfavorable periods for 
growth, being able to withstand submersion in boiling water for three 
minutes without having their germinating power destroyed. Under favor- 
able conditions of moisture and temperature, these sclerotia send out 
germ tubes just as do spores. Under other conditions they may give rise 
to the perfect stage, although this has never been obtained in pure cul- 
tures. However, last spring, (1910), the perfect stage! was found in one 


1 Notr.—A technical description of this fungus is to be published in an early 
number of Phytopathology by Mr. W. H. Rankin. 
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Fig. 2. Ginseng roots attacked by Black Rot and showing sclerotia. 


of the ginseng gardens in New York. This perfect stage developed from 
sclerotia on roots which had lain in the garden during the winter, very 
near the surface of the ground. In the spring short stalks were sent up, 
bearing large cup-shaped apothecia containing the asci with their asco- 
spores. These spores when mature are shot up into the air to be dissem- 


inated by the wind and rain. 


Fig. 3. Black Rot. Cross and longisections of root and bud of diseased and healthy plants. 
The blackening of the diseased roots will later extend to the center of the diseased root. Section of 
healthy plant on right. (After H. H. Whetzel.) 


When once established in the garden the parasite apparently spreads 
by the mycelium growing through the soil from one plant to another, kill- 
ing all that come in its path. It is also spread by the tools used in weed- 
ing or spading the beds, especially in the fall. Its distribution from one 
garden to another is probably brought about by infested soil or perhaps 
by spores being carried on the shoes of people visiting the various gardens, 
or by the importation of diseased roots. 

A number of experiments were performed to determine if possible 
some method of eradicating this disease by soil treatment. It was found 
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that the fungus would grow equally well on alkaline and acid media in 
any strength which could be used on the soil. From this it seems prob- 
able that changing the acidity of the soil would be of no benefit here, as 
{t is in the case of some other ginseng diseases. Until some other means 
for its control is found, it would be advisable to keep a sharp lookout for 
Hlack roots when digging in the fall, and to examine all spots where plants 
fail to come up in the spring. If any diseased roots are found, search 
the area carefully and remove and burn all of them. The soil in the in- 
fested area should then be sterilized with formalin, diluted 1-100, care 
being taken not to injure the adjacent healthy roots, or if suitable appa- 
rvatus is at hand, steam sterilization may be used. If the garden becomes 
too badly infested, the only remedy is to move the seedlings to another 
garden, carefully sterilizing all tools with formalin or corrosive sublimate 
before using them in the new garden. Van Hook (’04) cites a case where 
a grower had set roots in a bed from which black roots had been taken 
six or seven years before. The roots failed to come up in the spring, and 
on being examined were found to be infected with Black Rot, thus show- 
ing that this fungus is apparently capable of remaining in the soil as a 
saprophyte for several years. 
CROWN ROT. 

This disease has been known to ginseng growers for several years, 
but except in a few cases it has not been found very abundant. The first 
mention of it was by J. H. Koehler (°03)' in a letter to Special Crops. Since 
then it has been reported from various counties in New York and from 
States as far west as Wisconsin. 

There are two different types of the disease; one in which it attacks 
the upper part of the stem, and the other in which it attacks the root at 
or near the crown. In the latter type, the organism causing the trouble 
seems to gain entrance into the plant through the base of the stem near 
the surface of the ground, or in some cases through the upper part of the 
root. It works slowly up the stem and quite rapidly down, soon entering 
and rotting the root. The stem loses its green color and the tissue be- 
comes shrunken, so that the fibro-vascular-bundles stand out sharply as 
long striations or ridges. The stem soon becomes hollow and inside are 
found large black sclerotia. These are also found on the roots. The 


tissue of the diseased root generally becomes soft and ‘doughy.’ The 


1(’03) Koehler, J. H. Letter to Editor. Special Crops 2 ; 148. Sept. 1903. 
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mycelium is abundant throughout the diseased tissue and seems to travel 
between the cells, dissolving the middle lamella. 

In case the disease attacks the upper part of the stem, the first effect 
noticed is that the petioles all droop, or the leaflets droop from the petiole. 
The leaves soon fall off, and on examination the stalk will be found to 
contain several black sclerotia. In one garden, examined by the writer 
last summer the plants had been attacked by this disease in June after 
they had attained their growth, and when examined in August the leaves 


Fig. 4. Black Rot of ginseng showing apothecia. (After Rankin. 


had fallen off, leaving only the straight dead stems containing sclerotia. 
In this type of injury the root may send up a new stalk the next year, 
but in the year of the attack no growth is added. 

From observations in the diseased gardens it would seem that the 
trouble is increased by the presence of too much moisture; that is, if the 
fungus occurs in the soil with these conditions present it will produce the 
disease. One man, whose garden was troubled with this disease, stopped 
it almost immediately by removing the shade and aerating the enclosure. 

The cup fungus, Sclerotinia libertiana Fuckel, has been connected 
with this disease. This is a soil parasite which is widespread and com- 
mon on other plants such as hemp, rape, cucumber, tobacco, many forced 
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vegetable and bulbous plants. The mycelium is septate, irregularly branch- 
ing, and frequently very much vacuolated. It grows from the cracks in 
the root as a white felt, later giving rise to large, hard, black sclerotia. 
When first formed, these are white, but later they change to brown, and 
finally black. Mature sclerotia are white or dirty-white within, of densely 
woven threads and with a black cellular outer coat. As in the case of 
the Black Rot fungus, they are for the purpose of carrying the organism 
over periods unfavorable to growth and for giving rise to the perfect 


Fig. 5, Crowa Rot of ginseng showing large, well developed sclerotia. (After Whetzel.) 


stage. Under suitable moisture and temperature conditions, they send 
out germ tubes directly, just as the Black Rot fungus. The perfect stage 
has never been obtained by the writer in pure culture, although during 
the past winter an effort was made to do so. A large number of sclerotia, 
grown on various media, were placed out of doors in sterile sand, con- 
tnined in earthen pots, and this spring one-half of them were brought into 


the greenhouse. Some of the pots containing the sclerotia were kept very 
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moist, some fairly moist, and others rather dry, but in no case did any 
fruiting stage appear. However, in the spring of 1910, in a ginseng 
garden near Apulia, N. Y., the perfect stage was found, having developed 
from some old sclerotia which had lain near the surface of the soil over 
winter. Specimens of this perfect stage sent to Dr. E. J. Durand of Cor- 
nell University were pronounced by him to be Sclerotinia libertinia Fuckel. 

It is possible that some of the diseases reported by ginseng growers 
and described as Crown Rot have been caused by other species of Sclero- 
tinia. During the past winter, the writer has grown several different 
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Fig. 6. Crown Rot showing sclerotia inside the old dead stems. In this case the roots were 
not diseased. 
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Sirains of this Crown Rot fungus—secured from vyarious parts of the 
country—on culture media in an effort to classify them. Cultures were 
liade on a large number of media, including nutrient agar, potato agar, 
bean plugs, potato plugs, ginseng plugs, sweet potatoes, turnips, nutrient 
gelatin, corn-meal, Raulins’ culture fluid, and several others. On all the 
mnedia mentioned the various strains made a good growth, the optimum 
being at the temperature of 20° C. On several of the media the growths 
of a number of the strains were unlike, so there may be more than one 
species, but as the fruiting stages were not obtained, this could not be 
determined definitely. 

The Crown Rot is apparently disseminated in two ways; by the myce- 
iium and by spores. The mycelium may grow through the soil to other 
roots or it may be distributed by implements used in spading or weeding 
the beds. The spores may be scattered by the wind and rain or they may 
Inay be carried on diseased seedlings or on the shoes and clothes of peo- 
tle visiting the various gardens. As stated before, this fungus grows on 
a number of plants other than ginseng and it may also gain entrance to 
the ginseng garden directly from these other plants by any of the agencies 
given above. 

The growth of this fungus does not seem to be affected by any change 
in the acidity or alkalinity of the soil which could be brought about in 
the field. Until some better means of combating it is found, the old 
rotted roots should be carefully dug and burned so as to remove the 
danger of infection from the cup stage in the spring. The attacked stems 
should also be removed and burned as soon as noticed. Spraying with 
bordeaux mixture will probably lessen the injury to the stems above 
ground. In addition to this the garden should be well-drained, and if the 
disease becomes very prevalent, it would be well to remove part of the 
over-head covering and loosen the soil around the plants so as to allow 
them to dry out. 

Wabash College, 
Crawfordsville, Ind., June 17, 1911. 
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ADDITIONS TO THE FLORA OF THE LOWER WABASH VALLEY, By Dr. 
J. SCHNECK. 


By CHAS. C. DEAM. 


Among some volumes which I recently purchased from the library of 
the late Dr. J. Schneck is a copy of “The Flora of the Wabash Valley 
Below the Mouth of White River, by Dr. J. Schneck,’ published in the 
7th report of the Indiana Geological Survey, 1875, in which Dr. Schneck 
made numerous annotations and additions. Believing that these notes 
and additions are of sufficient interest and value to justify their publica- 
tion at this time, the following list has been prepared, which excludes 
those reported in the Botanical Gazette, Volume 1, page 88. The nomen- 
clature adopted is that of Gray’s Manual, 7th edition. 


Cystopteris bulbifera (L.) Bernh. Hanging Rock. 

Potamogeton foliosus Raf. 

Potamogeton pusillus L. 1887. 

Zanchinella palustris pedunculata J. Gay. In muddy water at Grand 
Rapids, August 1880. 

Najas flexilis (Willd.) Rostk. & Schmidt. October 18, 1880. 

Tripsacum dactyloides L. July. 

Paspalum laeve Michx. 

Paspalum mucronatum Muhl. 

Panicum anceps Michx. 

Panicum dichotomiflorum Michx. 

Leersia lenticularis Michx. September 25, 1878. 

Muhlenbergia Schreberi J. F. Gmel. 

Muhlenbergia sobolifera (Muhl.) Trin. 

Muhlenbergia sylvatica Torr. 

Sporobolus asper (Michx.) Kunth. 

Sporobolus vaginiflorus (Torr.) Wood. 

Agrostis perennans (Walt.) Tuckerm. 

Calamagrostis canadensis (Michx.) Beauy. 

Sphenopholis pallens (Spreng.) Scribn. 1887. 
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Eragrostis megastachya (Ixoeler) Link. 

Glyceria canadensis (Michx.) Trin. 

Festuca octoflora Walt. 

Bromus ciliatus L. 

Agropyron Smithii Rydb. Embankment of the Southern Railroad, 
east of Mt. Carmel, June 25, 1900. 

Cypetus filiculmis Vahl. 

Dulichium arundinaceum (L.) Britt. 

Eleocharis acicularis (L.) R. & S. Margin of Burnett’s pond in Gib- 
son County, Indiana. August 11, 1891. 

Eleocharis olivacea Torr. 

Eleocharis palustris (L.) R. & S. 

Hleocharis rostellata Torr. 

Scirpus fluviatilis (Torr.) Gray. 

Carex alata Torr. 

Carex bromoides Schkuhr. 

Carex canescens L. 

Carex Davisii Schwein. & Torr. 

Carex filiformis L. 

Carex Frankii Kunth. 

Carex hystricina Muhl. 

Carex lanuginosa Michx. 

Carex lurida Wahl. 

Carex lupulina Muh. 

Carex pallescens L. 

Carex pennsylvanica Lam. 

Carex retrofiexa Muhl. 

Carex riparia W. Curtis. 

Carex rosea radiata Dewey. 

Carex stricta Lam. 

Peltandra virginica (L.) Kunth. 

Lemna trisulca L. Cypress pond. 

Wolffia columbiana Karst. 1891. 

Juncus effusus L. 

Juncus nodosus L. 

Luzula campestris (L.) DC. 

Stenanthium gramineum (Ker.) Kunth. 
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Allium vineale L. 1896. 

Yucea filitomentosa L. Escaped from yards and cemeteries. 

Smilax pseudo-china IL. 

Smilax Walteri Pursh. In low, damp woods about Dan’s pond in 
Knox County, Indiana. August 13, 1900. 

Orchis spectabile L. 

Habenaria flava (L.) Gray. Border of Foote’s pond in Posey County, 
Indiana. July 14, 1877. 

Quercus Michauxii Nutt. Gibson County, Indiana. 

Quercus texana Buckley. 

Comandra umbellata (L.) Nutt. 

Chenopodium Botrys L. 

Anychia canadensis (l.) BSP. 

Stellaria media (L.) Cyrill. 

Cerastium nutans Raf. 

Silene regia Sims. July 2, 1879. 

Dianthus Armeria L. 

Nymphae advena variegata (Hngelm.) Fernald. Not rare, in all de- 
grees of dark purple to yellow. 

Ranunculus circinatus Sibth. 

Ranunculus laxicaulis (‘T. & G.) Darby. 

Cocculus carolinus (L.) DC. 

Papaver dubium L. In Shannon’s lot. June 5, 1879. 

Sisymbrium canescens Nutt. May 20, 1887. 

Sisymbrium Thalianum (l.) J. Gay. 

Barbarea vulgaris R. Br. In Harrington’s meadow. 1904. 

Arabis dentata T. & G. 

Cleome serrulata Pursh. 1888 and 1894. 

Saxifrage virginiensis Michx. This may be pennsylvanica L. 

Gillenia stipulata (Muhl.) Trel. June 10, 1879. 

Amelanchier canadensis (L.) Medic. 

Potentilla monspeliensis norvegica (L.) Rydb. 

Geum canadense Jacq. 1879. . 

Prunus angustifolia Marsh. French or Chicasaw plum. 

Melilotus officinalis (l.) Lam. 

Desmodium viridiflorum (L.) Beck. 

Lespedeza procumbens Michx. 
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Vigna sinensis (L.) Endl. Escaped, 1S9S. 

Amphicarpa Pitcheri T. & G. 

Polygala verticillata L. 

Croton capitatus Michx. 

Euphorbia Cyparissias L. 

Euphorbia humistrata Engelm. 

Callitriche deflexa Austrina (Engelm.) Hegelm. May, 1879. 

Rhus copallina L. 

Vitis cinerea Engelm. 

Vitis palmata Vahl. 

Viola lanceolata L. 

Didiplis diandra (Nutt.) Wood. In a pond along the Southern Rail- 
road east of Mt. Carmel. July 24, 1897. 

Rotala ramosior (L.) Koehne. Rare. October, 1888. 

Oenothera laciniata Hill. In sandy soil near Lyles Station in Gibson 
County, Indiana. July 10, 1895. 

Oenothera speciosa Nutt. 1893. 

Myriophyllum heterophylum Michx. 

Sanicula canadensis L. 

Thaspium barbinode (Michx.) Nutt. Near the mouth of White River. 
Not rare there. May 22, 1887. 

Hottonia inflata Ell. 

Lysimachia thrysiflora L. May, 1881. 

Vinea minor L. About open and grassy places. 

Asclepias amplexicaulis Sm. 

Cuscuta Cephalanthi Engelm. 

Cuscuta Coryli Engelm. 

Cuscuta Epithymum Murr. On cloyer on the Keene farm. 

Cuscuta obtusiflora HBK. 

Hydrophyllum canadense L. June 4, 1896. 

Ellisia Nyctelea L. Near Cypress pond. 1SSS. 

Lithospermum arvense L. May 15, 1879. 

Lithospermum canescens (Michx.) Lehm. 

Trichostema dichotomum L. In Wabash County, Illinois. 

Lamium amplexicaule L. April, 1878. 

Salvia azurea grandiflora Benth. On the farm of Martin Myer. June 
30, 1896. 
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Melissa officinalis L. Along streets and old roads. June-Sept. 

Physulis subglabrata Mack. & Bush. July 28, 1882. 

Datura Metel L. Occasionally spontaneous. 

Bacopa rotundifolia (Michx.) Wettst. August, 1888. 

Gratiola sphaerocarpa Ell. 

Gerardia auriculata Michx. 

Utricularia cleistogama (Gray) Britton. In mud where there had 
been several feet of water. Gibson County, Indiana, October 9, 
1901. 

Utricularia gibba L. In pond along the Southern Railroad, about 
three miles east of Mt. Carmel. 

Orobanche ludoviciana Nutt. 

Plantago aristata Michx. June, 1883. 

Plantago elongata Pursh. 

Plantago lanceolata I. 

Galium triflorum Michx. August 5, 1887. 

Hupatorium altissimum IL. 

Kuhnia eupatoides L. 

Chrysopsis villosa Nutt. August, 1878. 

Solidago speciosa Nutt. 

Aster laevis L. On the Walter farm. October 9, 1878S. 

Polymnia canadensis lL. 

Xanthium echinatum Murr. River bottoms. 1877. 

Rudbeckia speciosa Wenderoth. 

Bidens discoidea (T. & G.) Britt. 

Chrysanthemum Leucanthemum IL. 

Senecio glabellus Poir. 

Cirsium arvense (l.) Scop. 1887. 

Cirsium spinosissinum (Walt.) Scop. June 18, 1878. 

Tragopogon porrifolius L. 

Sonchus oleaceus L. 

Lactuca Scariola L. Found for the first time near the shops of the 
Big Four Railroad, July 31, 1891. 

Bluffton, Indiana. 
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PLANTS NEw or RARE IN INDIANA. 
By CuHas. C. DEAM. 


Specimens of the following species are deposited in the writer’s 
herbarium and in the larger herbaria of the United States. The number 
cf specimens in all cases has been ample for correct determinations, which 
haye been checked by specialists. 

Hlymus australis Seribn. & Ball. 

Knox County, September 28, 1910. Frequent on the north bank of 
White River near its mouth. 

Carex Jaxiculmis copulata (Baily) Fernald. . 

Noble County, June 20, 1910. In moist, rich woods about six miles 
southwest of Rome City. 

Muscari racemosa (L.) Mill. 

Harrison County, April 17, 1911. Common in a clover field of about 
6 acres on the farm of Aaron Wolf, located about seven miles northwest 
of Corydon. 


Dioscorea glauca Muhi. 

Clark County, June 30, 1910. In a wooded ravine on the east side of 
the Forest Reserve. 

Dioscorea quaternata (Walt.) Gmel. 

Posey County, July 7, 1910, in Black Oak woods, about four miles 
northwest of Mt. Vernon. Jennings and Jefferson counties, 1911. 
Cocculus carolinus (l.) DC. 

Posey County, September 23, 1911. Frequent on the wooded bank 
of the cypress pond near Bone bank. Robert Ridgway was the first to 
report this species for the State. (See Amer. Naturalist, Vol. 6:729, pub. 
1872. Also taken by Dr. Schneck. Collected also by Dr. Schneck near 
Burnett's pond in Gibson County, October 20, 1879.) 

Chrysoplenum americanum Schwein. 

Porter County, May 4, 1911. In anthesis on this date. Frequent in 

wet woods just north of Willis stop on the South Shore Electric line. It 
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Was associated with Acer saccharinum, Pinus Strobus, Viola conspersa, 
Panax trifolium and Coptis trifoliata. 
Lespedeza striata (Thunb.) H. & A. 

Posey County, September 23, 1911. “A small colony in a woods pas- 
ture at Bone bank. 

Vitis rotundifolia Michaux. 

Gibson County, September 4, 1911. Two specimens over three inches 
in diameter were noted in a woods on the flood plain of the White River 
about six miles northwest of Patoka. One was suspended from the top 
of a tall sycamore tree. This species was noted several times in Gibson 
County along White River and in the vicinity of Long pond. lt was noted 
in Knox County near the mouth of White River, and in Posey County 
along the Wabash River about four miles below New Harmony. It may 
easily be distinguished from other species of the genus by the lighter 
sreen of the leaves and by the bark of old stems being deeply fissured and 
not shreddy like the other species. It has the habit of climbing to great 
heights and small vines will soon overtop shrubs 15-25 feet high. In Knox 
County it was associated with Aristolochia tomentosa, competing for the 
top of shrubs and trees. Perry County, July 3, 1912. 

Viola emarginata LeConte. 

Laporte County, May 22, 1910. A few specimens found in the woods 
cp the bank of an open ditch just west of the State Prison at Michigan 
City. It was associated with Epigaea repens and Pinus Strobus. 

Viola pedata lineariloba DC. 

Steuben County, August 13, 1903. Also found later in Laporte, Lake 
and Porter counties. In Steuben County it was found in dry sandy woods 
on the east side of Tamarack Lake. Viola pedata is frequent in all parts 
of this county, but the varietal form was noted but in the above locality, 
In the counties bordering Lake Michigan the varietal form only has been 
noted. It is frequent or common on the wooded sand dunes. 

Kalmia latifolia L. 

Crawford County, April 18, 1911. In anthesis on May 26, 1911. Found 
for about one-fourth mile on the top of a cliffy ravine about one mile 
east of Taswell. It is infrequent on the east bank, while on the west it 
is so thick that one can with difficulty get through it. It is generally 
f-4 feet high, however, in favorable locations it grows larger. One speci- 
inen measured was 8 inches in diameter and 15 feet high, It is associated 
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op the top of the ravine with Quercus velutina and Quercus alba, and on 
the sides of the cliffs with Tsuga canadensis and Betula lutea. This 
species is said to occur also in-Floyd County. In Coulter’s catalogue of 
the plants of Indiana this species was included in the list of plants, the 
locations of which could not be verified. Perry and Martin counties. 


Spigelia marylandica L. 

Posey County, May 26, 1911. Just coming into anthesis. A few speci- 
mens only were found on the wooded bank on the southwest side of Hovey 
Lake. This species was reported for the State by Moffatt from Marion 
County. This is a southern species and is no doubt very rare in this 
State. 

Monarda clinopodia L. 

Ripley County, June 27, 1910. In anthesis on this date. In a beech 
and sugar maple woods, on the south side of the public road and on the 
west side of a ravine about one mile west of Morris. Brown and Jennings 
counties. 


Lonicera canadensis Marsh. 
Laporte County, May 2, 1911. In anthesis on this date. A few speci- 
mens 2-3 feet high were noted in a moist woods about nine miles north- 


west of Laporte. 


Viburnum rufidulum Raf. 

This species was reported by Young from Jefferson County in the 
Rept. Ind. Geol. Sury. 2:1871. It is no doubt rare but well distributed 
in the southern counties. It was collected this year on the sides of rocky 
ravines in Jefferson, Jennings, Lawrence and Washington counties. 
Aster furcatus Burgess. 

Tippecanoe County, September 7, 1902, along Wildcat Creek, near 
Lafayette, by H. B. Dorner. This specimen is in the writer's herbarium. 
and not until the species was collected again was it recognized as new to 
the State. Found also in Warren County at the narrows of the west 
tributary of Pine Creek about one mile north of Mudlavia on September 
11, 1911. It is rare in this locality and was not noted again along Pine 


Creek for a distance of over three miles. 
Galinsoga parviflora hispida DC. 


Ripley County, June 27, 1910, Common in a few lots and adjacent 


street in Batesville. 
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Senecio plattensis Nutt. 

Steuben County, May 25, 1905, on the north side of Clear Lake, asso- 
ciated with Quercus velutina. Noble County, June 20, 1910, on a wooded 
lilside just northwest of Rome City. Elkhart County near Middlebury. 
Prenanthes altissima cinnamomea Fernald. 

Wells County, October 2, 1804, and later in Allen, Clark, Dekalb, Mor- 
gan and Steuben counties. The writer has not seen Prenanthes altissima 
in the State and it is believed that only the variety occurs in our area. 


Bluffton, Indiana. 
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THE UNATTACHED AECIAL ForMS OF PLANT-RUSTS IN NORTH 
AMERICA. 


By A. G. JOHNSON. 


Ever since the definite establishment of heteroecism in the Uredinales 
by DeBary in 1864 and 1865, many different aecial forms have been, one 
by one, properly connected with their respective telial forms, so that now 
the proper relationships are definitely known for a large number. On the 
other hand, there still remain a considerable number of aecial forms whose 
telial connections are still unknown. 

The aecial forms of Uredineae are included mainly under the form- 
genera of Caeoma, Peridermium, Roestelia and Aecidium. In this paper 
the treatment will be limited to the last named form-genus, viz: Aeci- 
dium. 

The genus Aecidium was established by Persoon in Linné, Systema 
Naturae 2:1472. 1791, by the following brief generic description: “Theca 
(membranacea) utrinque glabra seminibus nudis non cohaerentibus 
plena.” As now most generally accepted the diagnostic characters of the 
genus are: a more or less cupulate peridium, rupturing at apex, within 
which spores are borne in chains. 

The genus was at first considered distinct and independent by the 
early botanists, yet practical farmers had for a long time observed and 
recognized the connection between rusted barberry bushes and rust on 
wheat in the fields, and were very certain that the former was a direct 
cause of the latter. To the end of protecting wheat from the disease due 
to this origin, a strict law providing for the destruction of all barberry 
bushes in Massachusetts was enacted as early as 1755, the same to take 
effect in 1760 and be in force for practically four years. Following this, 
yarious observations were made and experiments performed by different 
men, with varying degrees of conclusiveness. While observations and 
experiments had been previously made by Schroeter in 1816, DeBary was 
the first to show conclusively the exact succession of spore-forms in the 
life history of a heteroecious rust. He showed definitely by experiments 
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that aeciospores were produced on Berberis from infections from telio- 
spores of Puccinia poculiformis from wheat, and thus definitely estab- 
lished heteroecism in the Uredineae in 1864. He also showed that uredi- 
niospores followed by teliospores were produced on wheat by sowing aecio- 
spores from the barberry. DeBary’s radical discovery was rather slow 
in being accepted by many other botanists, yet his evidence was indis- 
putable and his interpretation prevailed. 

Oersted, working independently and contemporaneously with DeBarry, 
established similar alteration of spore forms on different hosts between 
the genera Gymnosporangium on Cedars and Roestelia on the apple family. 

This was epoch-making work in this line and showed the necessity 
for accurate observations and most careful cultures to show the definite 
relationships of the different aecial forms. This work was taken up by 
botanists both in the old and new world and is still being carried on with 
much success. Early workers in Europe, beside DeBary and Oersted, 
were Fuckel, Magnus, Schréeter, Wolff, Rostrup, Winter, Nielson, Reich- 
ardt, Hartig, Rathay, Cornu and Plowright. More recent workers of the 
old world are Fischer, Klebahn, Tranzschel, von Tubeuf, Wagner, Bubak, 
Juel, Hennings, Eriksson, Dietel, Liro and others. 

In America Farlow and Thaxter did pioneer work, followed later, and 
with greater success, in this line by Arthur, Kellerman, Clinton, Kern 
and others. The work of Dr. J. C. Arthur stands out prominently above 
all others. 

The methods used by the different workers are, in the main, very 
similar, viz: germinable spores of one stage are placed on sterile plants 
of the suspected alternate host. Conditions of heat and moisture being 
kept as favorable as possible throughout. In the methods used by Dr. 
Arthur, the perfectly healthy potted plants are kept covered with bell- 
jars for three days after the spore sowing is made. Each day the bell- 
jars are removed for five minutes or so to allow the entrance of a fresh 
supply of air, after which they are sprinkled within and replaced over 
the plants, and the plant thus covered is left in a shaded place until about 
a day after the bell-jar is removed. The inoculated leaves are then kept 
well moistened and kept out of too strong light and carefully watched 
for spore developments, especially after the first week. If the culture is 
successful the first spore structure will usually be evident in a week or 
ten days, followed later by the second spore structure, when that is pres- 
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ent, and thus showing definitely that the two alternate phases on wholly 
different plants belong to the same species of fungus. 

Thus a large number of aecia have been properly assigned to their 
telial connection, and still many others remain to be thus connected. 

At first the species of Aecidiwm were placed in groups largely accord- 
ing to hosts, but as they were studied more closely, both microscopically 
and in cultures, it was found that often there occurred many forms on 
the same family of host plants, and often on the same host genus, several 
distinct species could be segregated. Even on the same host-species it 
was not infrequent to find more than one species of Aecidium. AS cer- 
tain of these aecia were properly referred to their telial connections, these 
were separated as carefully as possible from the unattached forms and 
the latter remained to be studied further. In certain cases the definite 
morphological characters of the forms that are properly connected with 
their telial stages have made it possible to segregate definitely the at- 
tached forms from the unattached forms. In other cases where the mor- 
phological differences are less distinctive, and where certain physiological 
differences exist, the separation between the attached and unattached 
forms has been less definite, and in some cases it is impossible to make 
such separation with certainty until further cultures are made in order 
to help decide the matter. In making such separation of attached from 
unattached forms it is clear then that it is necessary to take into con- 
sideration not only the morphological characters of a species but also its 
vhysiological behavior in cultures. 

It has been the purpose of this study to make such separation, farther 
than it had already been made, and to determine as far as possible the 
number of forms still unattached and to work out clues for probable con- 
nection wherever possible. 

The forms of aecia whose telial connections still remain unknown, 
are arranged and follow in the form of an annotated list preceded by a 
provisional key, for convenience of reference. Under each species are 
given as far as possible the citation of the original description and date 
of publication, the hosts inhabited, the states and provinces in which the 
species has been found on each host, the type locality, type host, general 
distribution, and reference by number to specimens published in sets o* 
exsiccati. Notes follow in most cases, especially where the form is es- 


pecially striking, or where there are clues to relationship, or where there 
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is Some question as to the definiteness regarding the placement of the 
form in the unattached list. Notes are also added in some other cases. 

The arrangement in the list is according to host families and genera 
in the sequence used in Britton and Brown’s Illustrated Flora of the 
Northern States and Canada, supplemented by Engler and Prantl’s Natiir- 
liche Pflanzen-familien in cases where the host is not within the range 
of the former work. The provisional key precedes this list and follows in 
this connection. 


KEY TO THE UNATTACHED SPECIES OF AECIDIUM IN NORTH 


AMERICA. 
I. Aecia scattered, arising from diffused mycelium: 
Eostubelonsine to Grticdeeae I. 5... tienes cee oe A. libertum 10 
Host belonging to Chenopodiacae .................+4 A. Hurotiae 12 
Host belonging to Caryophyllaceae ................02 A. Cerastit 15 
Floste’ belonging to Mumariacesae ...° 2... 6.2. et A. Dicentrae 27 


Host belonging to Malvaceae: 
Aeciospores with thin walls: 
Peridia fugacious, aecia more or less elliptical 
ATU MOULIN. Soy ve che cere a etd te els, cule ote ents {. tuberculatum 48 


Peridia less fugacious, aecia practically circular 


IMNVOWRIME. Ee cee coh d Gree Cin eretes aia meet eisiete s cuss sneterem A. sp. 49 
Aeciospores with very thick walls............2 A. interveniens 50 
Host belonging to Holoragidaceae .............4 1. Prospinaceae 59 
Host belonging to Boraginacea@ — 050%... 2... «sn sd A. Myosotidis 69 
HOSE Deloreine to Solomaceae Je ne eee sew ete oe A. Physalidis 72 
Host belonging to Scrophulariaceae ...............2 A. Collinsiae T7 
Host belonging to Valerianaceae ..............+: 4. Valerianellae 86 
Host belonging to Cichoriaceae ....2......060+. 0d A. Columbiense 90 


II. Aecia gregarious, arising from a limited mycelium: 


Host belonging to Scheuchzeriaceae ............: A. Triglochinis 1 
Host belonging to Melanthaceae ..............605 «4 A. Uvulariae 2 
Host belonging to Liliaceae: 
Of THE CCEMUS, WWSUCOCMIMUI, Sor-yece ies. chs yonevorntatetal sas Cant coer A. sp. 3 
Of They ens eAMUMETICUIN, spectre sens o:o1sy- ase eee Pee ere A. sp. 


ne} 


Host belonging tq Convallariacede: <p cc sricc pete ners one A. Trillii 
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Host belonging to Amarylidaceae ............... A. Zephranthis 6 
Elostwbelonsine tomlinidaecedee.. suiisis ae inc cls aes oe AS Iridisy i 
EOStebeloneineg tor Miuynicacede . 1-6 1c je ccs ae A. Myricatum § 
ELOStpelongine, to WirtiCaceae sc se. sen cece oe A. Boehmeriae 9 
Host belonging to Loranthaceae ............. PeOlrOre Dyer ONC “lB S}o,, alal 
Host belonging to Allioniaceae: 

OPS CE SENS PADTOMTAS mee ciatisusrst evel Spee ciayooescagsces A. Abroniae 13 

(OME Us Seis! Mone INS) Gono oonoheomauoc eee are A. Mirabilis 14 
Host belonging to Ranunculaceae: 

Oreste zens (Calltihae ese ects semis inetavstewen edie MeeeAs Spy kG 

Of the genus Actaea, or Cimicifuga.......... A. Cimicifugatum 17 

Orthescenus: Delphiniimiy. same esses se rhe Maes heteed A. Delphinii 18 


Of the genus Aconitum: 


Aecia in rather large groups, not crowded. A. Aconiti-Napelli 19 


AMecid inesmall crowded Groups. ace see es ae eZ A. circinans 20 
Of tthescenus Anemones esi ee igeaoiss choker ensued A. Anemones 21 
Of the genus Viorna ....... eh Meter cushn Puaone emia Sioa A. occidentale 22 


Of the genus Ranunculus: 
Aecia crowded in dense 


LOMO Se ewerecers custaereccheeen os chs A. Raniunculacearum (in part) 23 
Aecia less crowded....... »..A4. Ranunculacearum (in part) 24 
Omihesrenicmlnalicirumy: eee reiiemaeeece ee. A. Thatictri 25 
Host belonging to Berberidacede ................... A. Fendleri 26 
Elost oelonging to Saxitracaceae) . ss. s.sne os ss Ss eyae faye A. sp. 28 
Host belonging to Parnassiaceae ..:.......5.02..2 A. Parnassiae 29 
Host belongings toCalesallpimaceae. nin a -sicisg: sists cies cts sie = A. sp. 30 


Host belonging to Fabaceae: 


OfstherSenusmsaptelsiae acc sues eka: ear ae A. Kellermanni 31 
OfechexenusmeSonal eal sesrreiieicn neve oe are 4. Onobrychidis 32 
OfachereenuSmEAanOSClar crs co ceieikevesioxs bys dscns oie) victeyeene resale A. Daleae 33 
Off the-zenus Petalostemon™. =. -5..444+..5 666 2 4. Petalostemonis 34 
OfsGhesze CMU uA IMS weetneteroer neler ots fa indoles cuevis ec A. Lupini 35 
On thessenus Apios, sors Maledital 2.2-2+-s6.62...2-Ae Haleatae 36 
EHostebelonzine to (Geramiqcede) oo. -n.cc 6.2 see. oe A. violascens 37 
Host belonging to Malpighiaceae ..............2 A. Brysonimatis 38 
OSt belonsing tOmRUtACeAG ace. sae. eee. eee a: A. Xanthorzyli 39 


Host belonging to Polygalaceae ..:.......2...../ A. polygalinum 40 


380 


Host belonging to Euphorbiaceae: 


Of 
Of 
Of 
Of 


Host belonging to Hippocastanaceae 


the 
the 
the 
the 


genus 
genus 
genus 


genus 


Croton, ‘or CrotonopsisS 2.2... 6.22 4. crotonopsidis 
AT SUGIVATTTITE 5 oye, oteweeyelans teas) one, sys.atee 4. Argithamniae 
MOZNTIAy (lO) gexec eer casreseee deste ote nee A. sp. 
Sabastiana, or Stillingia..........2 A. Stillingiae 


ete tataca ta ates Bate us A. Aesculi 


Host belonging to Vitaceae: 


Of the genus Cissus: 


Host 
Of 
Of 

Host 

Host 

Host 

Host 

Host 

Host 

Tlost 

Host 
Of 
Of 


Tiost 
Host 
Of 
Of 
Host 
Host 
Of 
Or 
Of 
Host 
Of 


41 
42 
45 
44 
45 


ACCLOSPOTES FAMMer Naren. cece. ec creas ces se et A. Mexicanum 46 

RECIOSUOLES TALES SIAL) caatrns ates outer ernie 3 hoe ee A. Cissi 47 
belonging to Malvaceae: 
Lhe cenus Sphaeraleea oes... visto asta «oe 4. Sphaeralceae 51 
LHe VenIS; GGOSSY PII Ae. cieisiens sso erase ie erchore cine A. Gossypii 52 
belonging: LO MouduieridaGeae J. o..cci.c acm were ave A. Cannonii.53 
belonging to Passifloraceae ..............2 A. passifloricola 54 
belonging’ to Dhymelaceae waa. < sas seis st oe od A. hynoideum 55 
PELONSINg 10; HIAEASNACCAS <sisi0r4 edie xm ale Gislere vis msels A. Allenii 56 
Delonsines Cosy PHVACEAG) ec lace, cts. 0 forava oy oreiehays olin tay A. Nesaeae 57 
beloneine’ 110. ONALTACCAEGN ccs ascites octet boar whe ew A. Anograe 58 
belonging to Primulacede: 2. 6... jo0 5 6 ees ci0d A. Lysimachiae 60 
belonging to Apocynaceae: 

EHE SUNS MACTOSIPHOOID “pcs 5 varie 2 evs aus whe vw ins sod A. leporinum 61 
the genus Apocynum: : 
VOCLORDOLGS TAIN iso oa, aye ore Gis eae) > pevetene & aye ointe siete A. Apocyni 62 
AOCLONDOLES SIN ECG, Sosqirets oiostaia sis fis O Was & andes tens Stee A. obesum 63 
belonging to Asclepidacedte ..............+20% ed A. Brandegei G4 

belonging toHydrophyllaceae : 

the. cenus Hydrophyllum) ©. ...5.2....535..0 A. Hydrophylli 65 
PUGS ONS MN ACE ISS Anyi? ais ng) Vaserertyer cowie «resis A. Phaceliae 66 
belonging to Heliotropiaceae ............. A. Guatemalensis 67 
belonging to Boraginaceae: 

TNE SENUS SB OUELER IAD, cases ote ects cian wcciote ee are aera heer A. sp. 68 
the genus Lithospermum, or Onosmodium... .z A. Onosmodii TO 
TRE SEMIS eMEELCUSI A 012% 0.6 22 os civic ee eso eine eared A. Mertensiae 71 
belonging to Solonaceae: 

THeL Sens “ONaAMACSATAGCHE. 92. c.csiss « weic ower eon ohn aumieks A. Sp: %3 
BEE SEMUS eS OMANI TIEN cars oi oe oles oievel ae aueve aiaiene ese A. tubulosum TA 


Of 


Irost belonging to Scrophulariaceae : 


OithessenuseCheloneweccsn aie eee ee ee A. Chelonis Td 
Ofthescenismeentstemonlas ss eee case ern ce aes A. Palmeri 76 
Of the genus Afzelia, or Dasystoma.............2 A. Gerardiae 73 
Ofttheccenus, Castilleja -2n55..66o0 }eaeeeke A. micropunctum 79 
Ofsiheveenis Melampyrumies ys eee eet ere A. sp. 80 
Host belonging, to Acanthacede: 22. 4..4..<+.25+6< A. Tracyanum 81 
Host belonging to Rubiaceae: 
Ormmihescenis LoOustonial eee ne eee aoe eee A. Oldenlandianum S82 
Oe Wis EE IeOUhehKOl), Goaase asses op eemnee odo ce. A. Bouvardiae 83 
Ofrethescenis RanGgiay sence oie nee see eee 4. pulverulentum S84 
Eost belongins to Caprifoliacese .o.5....5-.4..e0 002 A. Triostei Sd 
Host belonging to Cichoriaceae: 
Ofsihescenis: by evodesmin = open oe ee eee eae A. Lygodesmiae ST 
OfetiescennSuGrepis: oy. hee eee ee A. crepidicolum 88 
OfathercenuspElericiumMes acer eh es shee esas eee A. Hieraciatum S9 
ost belonging to: Ambrosiacede:....3...5.2-265-5es52 eee. A. sp. 91 
Host belonging to Carduaceae: 
Of thencenus! Maciniariay 422 3:,...288 soe Mi et A. Liatridis 92 
Ofstherscenuseboltoniageee eee ete cee ee ow A. Boltoniae 93 
OrsiheyzentismC@libaAgdiutmiey oe eee ee ia eo ee A. Clibadii 94 
Ofetheycenvis Montonoad \.,2445.6 0 see cisco oe oe 4. Montonoae 95 
OLrihexcenus' Wed Clin suse cae as esis ee aed A. Wedeliae 95 
Of the genus Bahia, or Eriophyllum............... A. Bahiae 97 
Of the genus Senecio: 
Peridia short, not lacerate: 
ASClavraALNeLr Small: Merce ween, . ose oektcce kde A. Senecionis 98 
ACClan Prather glare cigs ptye neue vas hath eye ne oP o ves Seen A. sp: 99 
Peridia long, coarsely lacerate ............: 4. Herrerianum 100 
Of the genus Coleosanthus, Chrysogonum, 
Chrysothamnus, Dugaldia, Helenium, Po- 
IivaariolaOp RG amon onb nico oO HO. 4. composiiarun 101 


1. Aecidiun, Triglochinis D. & H. Erythea 7:98. 1899. 
On SCHEUCHZERIACEAE: 

Triglochin concinna Davy, California. 

Triglochin sp., Nevada. 
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TYPE LOCALITY: Amedee, California, on T'riglochin concinna. 
DISTRIBUTION: Known only from Nevada and California. 

There are no clues as to the relationship of this Accidium. It has, 
however, the habit of a heteroecious form. 


2. Aecidium Uvulariae Schw. Schr. Nat. Ges. Leipzig 1:69. 1822. 
On MELANTHACEAE: 

Uvularia grandifiora J. E. Smith, Iowa. 

Uvularia perfoliata l., Iowa, Missouri, North Carolina. 

Uvularia sessiliflora L., Delaware. 
TYPE LOCALITY: Salem, North Carolina, on Uvularia perfoliata. 
DISTRIBUTION: Delaware and North Carolina west to Iowa and Mis- 

souri. 

Very similar to Aecidium Majanthae Schum. with which it may be- 
long. Cultures are necessary to determine the standing of these closely 
related forms. 


8. Aecidium sp. 
On LILIACHAR: 
Leucocrinum montanum Nutt., Colorado. 
DISTRIBUTION: Known only from Colorado. 
There are no definite clues as to the relationship of this Aecidium, 


but its telial stage is most likely to be a Puccinia on some grass. 


4, Aecidium sp. 
On LILIACHAB: 
Anthericum naniun Baker, Mexico. 
Only one, the collection from the State of Mexico, known. 
5. Aecidium Triilii Burr. Bot. Gaz. 9:190. 1884. 
On CONVALLARIACEAE: 
Trillium grandifiorum (Michx.) Salisb., New York. 
Trillium recurvatum Beck., Illinois. 
TYPH LOCALITY: Pine Hills, Union Co., Illinois, on Trillium recurva- 
twin. 
Closely related to Aecidium Majanthae Schum. with some race of 
which it may prove eventually to belong. Cultures are necessary to de- 


termine the point. 
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6. Aecidium Zephyranthis Shear, Bull. Torr. Bot. Club 29:454. 1902. 
On AMARYLIDACEHAE: 

Zephyranthes sp., Hidalgo, Mexico. 
TYPE LOCALITY: Near Tlalpam, Valley of Mexico, Mexico, on Zephyran- 
thes sp. 
DISTRIBUTION: Central Mexico. 


%. Aecidium f[ridis Ger. Rep. N. Y. Mus. 24:93. 1872. 
On IRIDACEAE: 
Tris versicolor L., lowa, New York, Massachusetts, Minnesota, Ne- 
braska, Wisconsin. 
TYPE LOCALITY: Poughkeepsie, New York, on Iris versicolor. 
DISTRIBUTION: New York, Massachusetts, west to Minnesota and Ne- 
braska. 
WXSICCATI: Ellis, N. Am. Fungi 1014; Roum. Fungi. Sel. 4917; Rab.- 
Wint. Fungi Eur. 2927; Thiim. Myce. Univ. 1519. 
There is considerable question as to the relationship of this Aecidium. 
It is very uncertain if it belongs with Puccinia Tridis (DC.) Wint. on the 
same host. It has been suggested that it may belong with a Carez-inhabit- 
ing Puccinia. Cultures are necessary to settle the point. 


8. Aecidium Myricatum Schw. Trans. Am. Phil. Soc. II. 4:294. 1832. 
On MYRICACHAE: 
Myrica cerifera L., Delaware, New Jersey, New York. 
Myrica Carolinensis Mill., Connecticut, New Jersey. 
TYPE LOCALITY: New York, on Myrica cerifera. 
DISTRIBUTION: New York, New Jersey, Connecticut and Delaware. 
EXSICCATI: Ellis, N. Am. Fungi 230; Hillis & Hv. Fungi Columb. 62: 
Roum. Fungi Sel. 4835; Thiim. Mye. Univ. 1224. 
A conspicuous, characteristic Aecidium of rather limited range. 


9. Aecidium Boehmeriae Arth. Bull. Torr. Bot. Club 34:590. 1907. 
On URTICACHAE: 
Boehmeria cylindrica (i.) Willd., District of Columbia. 
TYPE LOCALITY: Takoma Park, District of Columbia, on Boehmeria 
cylindrica, 
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DISTRIBUTION: Known only from type locality. 

This is very similar to Aecidium Urticae Schum., which is connected 
with Puccinia Caricis (Schum.) Schrét. on Carer, except for having 
smaller aeciospores and peridia more delicate in general. Repeated trial 
sowings of Puccinia Caricis on Boehmeria have uniformly failed, while 
infections have been easily obtained on Urtica. 'This species of Aecidium 
is therefore no doubt distinct and may belong with some other Carez- 
inhabiting Puccinia. 


10. Aecidiwmn libertum Arth. Bull. Torr. Bot. Club 37:580. 1910. 
On URTICACEAE: 

Urtica chamaedryoides Pursh, Oklahoma. 
TYPE LOCALITY: Sapulpa, Oklahoma [Indian Territory], on Urtica 

chamaecdruyoides. 
DISTRIBUTION: IXnown only from type locality. 

A very characteristic species. No clues as to possible telial connec- 
tion. It may, however, belong with some telial form inhabiting some host 
ether than a grass er sedge. 


11. Aecidium sp. 
On LORANTHACEAE: 


Loranthus sp., Guatemala. 
This is doubtless an undescribed species. It does not agree with pre- 


viously described species on this host. 


12. Aecidium Eurotiae BE. & BE. Jour. Myc. 6:119. 1891. 
Gn CHENOPODIACEAE: 


Burotia lanata (Pursh) Meq. Montana. New Mexico, Wyoiing. 
TYPE LOCALITY: Helena, Montana, on Hurotia lanata. 
DISTRIBUTION: Montana south to New Mexico. 

IXXSICCATI: Ellis & Hy. N. A. F. 2709; Ellis & Ev. Fungi Columb. 2712. 


18. Aecidium Abroniae Ellis & Everhart n. sp. (Ined.) 
On ALLIONIACEAE: 

Abronia (micrantha (Torr.) Chois.?), Colorado. 

Abronia umbellata Lam., California. 


TYPE LOCALITY: Ft. Collins, Colorado, on Abronia sp. 
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DISTRIBUTION: Colorado and westward. 

As far as the writer can determine this species has never been pub- 
lished. The name appears to be only an herbarium name by Ellis & Ever- 
hart. The species is no doubt distinct. 


14. Aecidium Mirabilis D. & H. Bot. Gaz. 24:37. 1897. 
On ALLIONIACEAE: 
Mirabilis sp.. Mexico. 
TYPH LOCALITY: Rio Hondo, near City of Mexico, Mexico, on Mirabilis 
sp. 
DISTRIBUTION: Known only from type locality. 
No specimen seen. 


15. Aecidium Cerastii Wint. Jour. Mye. 1:126. 1885. 
On CARYOPHYLLACEAE: 

Cerastium nutans Raf., Missouri. 
TYPE LOCALITY: Perryville, Missouri, on Cerastium nutans. 
DISTRIBUTION: Known only from Missouri. 

A rare species of the typical perrennial type judging from the descrip- 
tion, no specimen has ever been examined. 


16. Aecidium sp. 
On RANUNCULACHAE: 

Caltha leptosepala DC., British Columbia. 
DISTRIBUTION: Only one collection known. 

Probably followed by the telial stage, (Puccinia), on the same host, 
only not yet collected. 

This is doubtless a new species collected by Professor E. W. D. Hol- 
way on north moraine, Mt. Sanford, Glacier, British Columbia, July, 1910. 


17. Aecidiwn Cimicifugatum (Schw.) Berk. Grev. 3:60. 1874. 
Cacoma (Aecidium) Cimicifugatum Schw. Trans. Am, Phil. Soc. If. 4:293. 
1882. 
Aecidium Actaeae Authors. Not Opiz. 
On RANUNCULACHAE: 
Cimicifuga racemosa (.) Nutt. (Actaea racemosa T.), Pennsylvania, 


New York, Ohio, Virginia; Ontario. 


[25—29034] 
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Actaea alba (.) Mill., lowa, Minnnesota, Ohio, Wisconsin. 
Actaea rubra (Ait.) Willd. (A. spicata rubra Ait.), New York. 


TYPE LOCALITY: Bethlehem, Pennsylvania, on Cimicifuga racemosa. 


DISTRIBUTION: United States east of the Mississippi River, especially 
northward. 


EXSICCATI: Ravenel, Fungi Car. 1:94; Sydow, Ured. 1343; Rab.-Wint. 
Fungi Eur. 3420; Kellerm. Ohio Fungi 61; Ellis, N. Am. Fungi 227. 


18. Aecidium Delphinii Barth. Jour. Mye. 8:173. 1902. 

Aecidium Batesianum Barth. Ellis & Everhart’s Fungi Columb. 20:1901. 

1904. 

On RANUNCULACEAH: 

Delphinium albescens Rydb.. Nebraska. 

Delphinium bicolor Nutt., Montana. 

Delphinium Carolinianum Walt. (D. azureum Michx.), Colorado. 

Delphinium cuculatum A. Nelson, Montana. 

Delphinium geraniifolium Rydb., Colorado. 

Delphinium Geyeri Greene, Colorado. 

Delphinium Nelsoni Greene, Idaho. 

Delphinium robustum Rydb., Colorado, Nebraska. 

DISTRIBUTION: Colorado and northward. 

TYPE LOCALITY: Steamboat Springs, Colorado, on Delphinium scopu- 
lorum, later referred to D. geraniifolium. 

EXSICCATI: Ellis & Ey. Fungi Columb. 1907; Clements, Crypt. Form. 

Colo. 151. 

This Aecidium becomes very abundant in Colorado some years. Its 
telial connection is probably some grass-inhabiting Puecinia. In 1907, Dr. 
J. GC. Arthur and Mr. F. D. Kern found it “growing intermixed with Bly- 
mus condensatus covered with Puccinia montanensis,” and this may prove 


to be the connection. 


19. Aecidium Aconiti-Napelli (DC.) Wint. Die Pilze p. 268. 1881. 
On RANUNCULACEAE: 

Aconitum Columbianum Nutt., Colorado. 

Aconitum sp., Colorado. 


DISTRIBUTION: Known from Colorado only. 


Co 
CO 
=! 


BXSICCATI: Ellis & Ev. N. Am. Fungi 2272. 

This Aecidium is very similar to Aecidium Delphinii Barth. with which 
it May ultimately prove to be identified. 

20. Aecidium circinans Frikss. Bot. Centralbl. n. 36:297. 1891. 

On RANUNCULACHABR: 

Aconitum Delphinifolium DC., Alaska. 

TYPE LOCALITY: Sweden, on Aconitum Lycoctonum IL: 
DISTRIBUTION: Known only from Alaska. Also in Europe. 

Little is known regarding this Aecidiwm. It may prove to be the 
aecial stage of an autoecious Uromyces similar to Uromyces Aconiti-Lycoc- 
toni (DC.) Wint., the aecial stage of which it greatly resembles. 

21. Aecidium Anemones Aim. Authors. 

On RANUNCULACEAE: 
Anemone narcissicjlora T., Alaska. 
Anemone Viryiniana I., Indiana, Towa, Wisconsin; Ontario. 


DISTRIBUTION: Northern Mississippi and northward. 


22. Aecidium occidentale Arth. Bull. Torr. Bot. Club 31:7. 1904. 
On RANUNCULACHAE: 
Viorna Douglasii (Hook.) (Clematis Douglasii Hook.), Idaho, Wash- 
ington. 
Viorna Wyethii (Nutt.) Rydb., Montana, Wachineton! 
TYPE LOCALITY: Pullman, Washington, on Clematis Douglasii. 
DISTRIBUTION: Montana to Washington. 


28. Aecidium Ranunculacearum DC. (in part). 
On RANUNCULARACHABE: 

Ranunculus ellipticus Greene, North Dakota. 

Ranunculus glaberrimus Wook., Idaho, Montana, Washington. 

Ranunculus scleratus l., North Dakota. 

DISTRIBUTION: Northern Mississippi valley west to Washington. 

The aecia on the above named hosts resemble very closely the Aecid- 
ium on Oxygraphis Cymbalaria (Pursh) Prantl. which belongs with Puc- 
cinia cinerea Arth. on Poa, and may be shown by cultures to belong with 
it. This is especially likely since its range practically coincides with that 
of this Puccinia. 
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24. Aecidium Ranunculacearum DC. (in part). 
On RANUNCULACEAE: 

Cyrtorhyncha ranunculina Nutt., Colorado. 

Ranunculus bulbosus L., Connecticut. 

Ranunculus recurvatus Poir., Missouri. 
DISTRIBUTION: Connecticut west to Colorado and Missouri. 

These differ slightly from the preceding by the peridia being much 
less crowded and the substratum not being thickened. They may prove 
to be different. 


25. Aecidium Thalictri Am. Authors. 

On RANUNCULACEAE: 

Isopyrum biternatum (Raf.) T. & G., Lowa. 

Syndesmon thalictroides (.) Hoffm., Indiana, Missouri. 

Thalictrum dioicum W., Massachusetts, Minnesota, Vermont. 

Thalictrum polygamum Muhl., Colorado. 

Thalictrum purpurascens 1.., Nebraska, South Dakota, Wisconsin. 

Thalictrum thyrsoideum Greene, North Dakota. 

Thalictrum sp., Idaho; Newfoundland. 

DISTRIBUTION: Northern United States and Canada. 

EXSICCATI: Barth. Fungi Columb. 2405; Brenckle, Fungi Dak. 104; 
Ellis & By. Fungi Columb. 1390; Rab.-Wint. Fungi Eu. 3322; Rab.- 
Wint.-Paz. Fungi Eu. 3836. 

The aecia on Thalictrum and related hosts are very closely related, 
and cultures are necessary to segregate them with certainty. These placed 
together here are slightly different as to form and habit from those al- 
ready connected with Bromus and Agropyron-inhabiting M’uceinae. 

26. Aecidium Fendleri Tracy & Farle, Pl. Baker. 1:17. 1901. 

On BERBERIDACEAE: 

Berberis Fendleri A. Gray, Colorado. 

TYPE LOCALITY: Mancos, Colorado, on Berberis Fendleri. 

DISTRIBUTION: Known only from Colorado. 

This differs slightly in habit from Aecidium Berberidis and may prove 
distinct, although it is very similar. 

27. Aecidium Dicentrae Trel. Trans. Wis. Acad. Sci. 6:136. (Nov.) 

1884. 
Aecidium Dicentrace Burr. Bot. Gaz. 9:189. (Dee.) 1884. 


On FUMARIACHAL: 

Dicentra Cucullaria (L.) Bernh., Ulinois, Indiana, Iowa, Kansas, Mis- 
souri, Nebraska, New York, Pennsylvania, South Dakota, Wiscon- 
sin. 

TYPE LOCALITY: Madison, Wisconsin, on Dicentra Cucullaria. 
EXSICCATI: Ellis & By. Fungi Columb. 1993; Kell. & Swingle, Kans. 

Fungi 2; Sydow, Ured. 497. 

A characteristic species of wide range. It doubtless has its telial stage 

on some host other than a grass or sedge. Its pycnia are subcuticular. 


28. Accidium sp. 
On SAXIFRAGACEAE: 
Mitella nuda I., Newfoundland. 


Only the one collection known from Shoal Point, Bay of Islands, New- 
foundiland. No doubt a distinct species. 


29. Aecidium Parnassiae (Schl.) Grav. Duby Bot. Gall. 2:904. 1830. 
Caeoma Parnassiae Schl. Fl. Berol. 2:118. 1824. 
On PARNASSIACEAE: 
Parnassia palustris L., Alaska. 
TYPE LOCALITY: Berlin, Germany, on Parnassia palustris. 
DISTRIBUTION: In America, known only from Alaska. 
In Europe this is considered the aecial stage of Puccinia uliginosa 
Juel, which it may also prove to be in America. 


30. Aecidium sp. 

Aecidium Cassiae BH. & KK. Trans. Kans. Acad. 10:91. 1SS7. (nomen nu- 
dem) not Aec. Cassiae Bres. 

On CAESALPINACEAE: 


Cassia Chamaecrista L., Kansas, Nebraska. 
TYPE LOCALITY: Manhattan, Kansas, on Cassia Chamaecrista. 


DISTRIBUTION: Central Mississippi valley. ; 

This Aecidium differs decidedly from Aec. Cassiae Bres. in having 
considerably smaller spores than the African species, and is without ques- 
tion distinct from it. Ellis & Kellerman’s name was never established, 
as far as the writer can determine and not now an available one. This 
being the case, this Aecidium is still unnamed. 
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31. Aecidium Kellermanni DeT. Sace. Syll. 7:788. 1888. 
Aecidium amphigenum Ellis & Kell. Jour. Myce. 2:4. 1886. not A. amphi- 
genum Hazsl. 1877. 
On FABACEAE: 
Baptisia australis (l.) R. Br., Kansas. 
Baptisia bracteata Ell. (B. leucophaea Nutt.), Kansas. 
TYPE LOCALITY: Manhattan, Kansas, on “Baptisia leucophaea.” 
DISTRIBUTION: Known only from Kansas. 


32. Aecidium Onobrychidis Burrill, Bot. Gaz. 9:1S89. 1884. 
On FABACEAE: 

Psoralea onobrychis Nutt., Illinois. 

TYPE LOCALITY: LaSalle County, Illinois, on Psoralea onobrychis. 
DISTRIBUTION: Known only from Illinois. 
EXSICCATI: Ellis & Ey. N. Am. Fungi 1826. 

This is no doubt heteroecious and probably belongs with some unat- 
tached Uromyces. It is characteristically distinct from the aecial stage 
of Uromyces Psoraleae Pk., which has scattered aecia and is followed by 
teliospores, without an intervening uredinial stage. 

33. Aecidium Daleae Kellerm. & Sw. Jour. Myce. 5:18. 1889. 

On FABACEAE: 
Parosela enneandra (Nutt.) Britton (Dalea lariflora Pursh), Kansas, 
Nebraska. 
TYPE LOCALITY: Rockport, Kansas, on “Dalea laviflora.” 
DISTRIBUTION: Nebraska and Kansas. 
EXSICCATI: Barth. Fungi Columb. 3301; Shear, Ell. & Ev. Fungi Co- 

lumb. 1473; Sydow, Ured. 7448. 

A characteristic species. Very abundant in Kansas some seasons, be- 
coming rather destructive to host plants. 


34. Aecidium Petalostemonis Kellerm. & Carl.; Arth. Bull. Torr. Bot. 
Club 34:589. 1907. 
Aecidium fluzum Arth. Bull. Torr. Bot. Club 34:590. 1907. 
On FABACEAE: 
Petalostemon candidus (Willd.) Michx., Kansas, Nebraska. 
Petalostemon multiflorus Nutt., Kansas. 
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Petalostemon oligiophyllus (Yorr.) Rydb., Nebraska. 
Petalostemon purpureus (Veut.) Rydb. (P. violaceus Michx.), Kan- 
sas, Nebraska. 
Petalostemon villosus Nutt., Colorado, Nebraska. 
TYPE LOCALITY: Manhattan, Kansas, on Petalostemon candidus. 
DISTRIBUTION: Nebraska and Kansas west to Colorado. 
EXSICCATI: Barth, Fungi Columb. 2296, 2497, 2604, 2903; Clements, 
Crypt. Form. Colo. 595; Ellis & Ev. N. Am. Fungi 1845. 
Similar to Aecidium Daleae K. & S. in general habit, but has thinner 
walled and slightly smaller aecispores. It is no doubt distinct and 
Leteroecious. 


35. Aecidium Lupini Peck, Rep. N. Y. State Mus. 46:33. 1898. 
On FABACEAE: 

Lupinus perennis L., New York. 

TYPE LOCALITY: Karner, New York, on Lupinus perennis. 
DISTRIBUTION: Known only from the type locality. 

This form differs somewhat from the aecia common in the western 
mountains belonging to Uromyces Lupini B. & C. The type locality is 
within a few miles of Albany, and it is difficult to explain why it has not 
been met with a second time. 


36. Aecidium Falcatae Arth. Bull. Torr. Bot. Club 33:32. 1906. 
On FABACHAE: 
Faleata comosa (i...) Kuntze (Amphicarpa monoica Ell.), Illinois, 
Iowa, Minnesota, Wisconsin. 
Apios Apios (l.) MacM. (A. tuberosa Moench.), Iowa, Minnesota, Ne- 
braska. 
TYPH LOCALITY: Decorah, Iowa, on Falcata comosa. 
DISTRIBU'TION: Upper Mississippi valley. 
EXSICCATI: Barth. Fungi Columb. 2303; Barth. N. Am. Ured. 1; Bis, 
N. Am. Fungi 1435. 


A distinct species, probably of some Uromyces connection. 
37. Aecidium violascens Trel.; Sace. Pk. & Trel. Harriman Alaska 
Hxped. 5:37. 1904. 


On GERANIACHAE: 
Geranium erianthum DC., Alaska. 
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TYPE LOCALITY: Kadiak, Alaska, on Geranium orianthum. 
DISTRIBUTION: Known only from Alaska. 

This differs from Aecidium sanguinolentum Lindr., which beiongs with 
Puccinia nolygoni-emphibii Pers., in having the peridia less exserte? and 
less recurved, and in haying larger spores. 


38. Aecidiwn Byrsonimatis P. Henn. Hedwigia 34:101. 1895. 
Aecidium byrsonimaticola P. Henn. Hedwigia 34:322. 1895. 
Cindophyllunm singulare Diet. & Holw. Bot. Gaz. 31:336. 1901. 
Aecidium Byrsonimae Kern & Kellerm. Jour. Myce. 13:24. 1907. 
On MALPHIACEAE: 
Byrsonima crassifolia (.) DC., Guatemala, Jalisco. 
TYPE LOCALITY: Goyaz, Brazil, on Byrsonima sp. 
DISTRIBUTION: Central Mexico and southward. Also in South Amer- 
ica. 
A strikingly characteristic form with conspicuous peridia; often pro- 
duces hypertrophy. 
39. Aecidium Xanthoryli Peck, Bot. Gaz. 6:275. 1881. 
On RUTACEAE: 
Xanthorylum americanum Nutt., Iowa, Kansas, Missouri, Nebraska. 
Xanthorylum Clava-Herculis L. (X. Carolinianum Lam.), Texas. 
Xanthorylum Clava-Herculis friticosum (A. Gray) S. Wats., Ala- 
bama. 
TYPE LOCALITY: Decorah, Iowa, on Xanthoxrylum americanum. 
DISTRIBUTION: Iowa and Nebraska south to Texas and Alabama. 
EXSICCATI: Carleton, *Ured. Am. 6; Barth. N. Am. Ured. 102; Ellis, N. 
Am. Fungi 1013; Ellis & Ey. Fungi Columb. 1477; Rab.-Wint. Fung: 
Bur. 2928; Sydow, Ured. 1548. 
A characteristic species, probably belonging with some grass-inhabiting 
Puccinia. 
40. Aecidium polygalinum Peck, Bot. Gaz. 6:275. 1881. 
On POLYGALACIAE: 
Polygala Senega l., Towa, Michigan, Wisconsin. 
TYPE LOCALITY: Ann Arbor, Michigan, on Polygala Senega. 
DISTRIBUTION: Upper Mississippi valley. 
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EXSICCATI: Elis, N. Am. Fungi 1009; Rab.-Wint. Fungi. Eur. 3319; 
Sydow, Ured. 1396. 


A distinct species of rather limited range. 


41. Aecidiwm crotonopsidis Burr. Bot. Gaz. 9:190. 1884. 
Aecidium splendens Wint. Rab.-Wint. Fungi Eur. 3224. 1885. 
On HUPHORBIACEAE: 
Croton monanthogynus Michx., Illinois, Missouri. 
Crotonopsis linearis Michx., Illinois. 
TYPH LOCALITY: Johnson County, Illinois, on Crotonopsis linearis. 
DISTRIBUTION: Central Mississippi valley. 
EXSICCATI: Ellis & Ey. N. Am. Fungi 1824; Rab:-Wint. Fungi Eur. 
8224; Roum. Fungi Gall. Wxs. 3860. 


No doubt a heteroecious species. 


42. Aecidium Argithamniae Arth. Bull. Torr. Bot. Club 33:38. 1906. 
On HUPHORBIACEAD: 
Argithamnia Schiediana Miill.-Arg., Hidalgo. 
TYPE LOCALITY: Trinidad, State of Hidalgo, Mexico, on Argithamnia 
Schiediand. 


DISTRIBUTION: Known only from the type locality. 


43. Aecidium sp. 
On EUPHORBIACHAE: 
Mozinna spathulata (Miill.-Arg.) Ortega (Jatropha spathulata Miili.- 
Arg.), Guanajuato. 
DISTRIBUTION: Only one collection known. 
Doubtless a distinct species of heteroecious connection. 


44. Aecidium Stillingiae Tracy & Harle, Bull. Torr. Bot. Club 26 :492. 
1899. ; 

On EUPHORBIACEAE: 

Sebastiana ligustrinag (Michx.) Muell.-Arg. (Stillingia ligustrina 

Michx.), Mississippi. 

Stillingia sylvatica L., Florida. 
TYPE LOCALITY: Wisdom, Mississippi, on “Stillingia ligustrina.” 
DISTRIBUTION: Mississippi to Florida. 
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45. Aecidium Aesculi Ellis & Kell. Bull. Torr. Bot. Club 11:114. 1884. 

On HIPPOCASTANACEAE: 

Aesculus arguta Buckley, Kansas. 
Aesculus glabra Willd., Kansas, Nebraska. 

TYPE LOCALITY: Manhattan, Kansas, on Aesculus glabra. 

DISTRIBUTION: Central Mississippi valley. 

EXSICCATI: Barth. Fungi Columb. 2301; Ellis, N. Am. Fungi 1429; 
Ellis & Ev. Fungi Columb. 1296; Kell. & Swingle, Kans. Fungi 1; 
Roum. Fungi Gall. 3865; Sydow, Ured. 1198. 

Bartholomew (Trans. Kans. Acad. Sci. 16:186.) reports that this 
striking Aecidium was so abundant on several small trees of A. arguta in 
200ks County, Kansas, in 1897, that it became quite destructive. 


46. Aecidium mericanum D. & H. Bot. Gaz. 24:36. 1897. 
On VITACBHAE: 

Cissus sp., Mexico. 
TYPE LOCALITY: Near City of Mexico, Mexico, on Cissus sp. 
DISTRIBUTION: Known only from type locality. 

Distinguishable from Aec. Cissi Wint. by having larger spores. 

47. Aecidium Cissi Wint. Hedwigia 23:168. 1884. 
On VITACHAE: 

Cissus sicyoides L., Guatemala, Jamaica, Porto Rico. 
TYPE LOCALITY: Near Sao Francisco, Brazil, on Cissus “Syciaefolius.” 
DISTRIBUTION: West Indies and Guatemala; also in South America. 


48. Aecidium tuberculatum Ellis & Kellerm. Jour. Myce. 4:26. 1888. 
On MALVACEAE: 
Callirrhoe alceoides (Michx.) A. Gray, Colorado. 
Callirrhoe involucrata (T. & G.) A. Gray, Kansas, Nebraska. 
Sidalcea candida A. Gray, Wyoming. 
TYPE LOCALITY: Rooks County, Kansas, on Callirrhoe involucrata. 
DISTRIBUTION: West central Mississippi valley. 
EXSICCATI: Carleton, Ured. Am. 31; Kellerm. & Sw. Kans. Fungi 30; 
Rab.-Paz. Fungi Eur. 4239; Sydow, Ured. 1199. 
An especially characteristic species. Its telial connection is doubtless 


something other than a grass- or sedge-inhabiting rust. 
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49. Aecidium sp. 
On MALVACEAE: 
Althaea rosea L., Nebraska. 
Sidalcea candida A. Gray, Colorado. 
Sidalcea Neo-Mexicana A. Gray, Colorado. 
DISTRIBUTION: Colorado and Nebraska. 
A distinct species formerly confused with Aecidium interveniens Pk. 
(A. roestelioides EB. & FE.) and Aecidium tuberculatum BE. & K. Its thin- 
walled spores readily distinguish it from the former and the form of its 
aecia, Which are circular in outline, distinguish it from the latter. 


50. Aecidium interveniens (Peck) Farl. Bibl. Index N. Am. Fungi 
1:58. 1905. 
Roestelia interveniens Peck, Bull. Torr. Bot. Club 10:74. 1888. 
Aecidium roestelioides EH. & EH. Jour. Myce. 1:98. 1885. 
On MALVACEAE: 

Callirrhoe alceoides (Michx.) A. Gray, Nebraska. 

Callirrhoe digitata Nutt., Texas. 

Malvastrum marrubioides Dur. & Hilg., California. 

Malvastrum Thurberi A. Gray, Lower California. 

Sidalcea asprella Greene, California. 

Sidalcea candida A. Gray, Washington. 

Sidalcea delphinifolia (Nutt.) Greene, California. 

Sidalcea humilis A. Gray, California. 

Sidalcea malvaefolia (Moc. & Seese) A. Gray, California. 

Sidalcea Neo-Mexicana A. Gray, Colorado. 

Sidalcea rivularis, Washington. 

TYPE LOCALITY: Lower California, on Malvastrum Thurberi. 

DISTRIBUTION: Nebraska south to Texas, west to Lower California 
and Washington. 

EXSICCATI: Barth. Fungi Columb. 2401, 3201; Clements, Crypt. Form. 

Colo. 600. 

A strikingly characteristic species readily distinguishable by its very 
thick-walled spores and deeply lacerate peridium. 

The names Aecidium roestelioides BE. & E. and Aecidium interveniens 
(Pk.) Farl. are here considered as synonyms. Type material has been 
examined and the two species are thought to be the same. The latter 
species name has priority, hence becomes the accepted species name. 
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51. Aecidium Sphaeralceae BE. & E. Bull. Torr. Bot. Club. 22 :364. 
1895. 
On MALVACEHAR: 

Sidalcea candida A. Gray, Colorado. 

Sphaeralcea angustifclia Den., New Mexico. 

TYPE LOCALITY: Las Cruces, New Mexico, on Sphaeralcea angustifolia.. 
DISTRIBUTION: Colorado and New Mexico. 
EXSICCATI: Hillis & Ev. N. Am. Fungi 3345; Ellis & Ey. Fungi Columb. 

871. 

There is no definite evidence that this form belongs with Puccinia 
Sphaeralceae BE. & I., with which it sometimes occurs and with which it 
has been listed. It has the appearance of a heteroecious form and is so 
regarded here. Its telial form is likely to be a Puccinia on some grass. 
It may possibly belong with Puccinia Dochmia B. & C. 


52. Aecidium Gossypii BE. & HB. Eryth. 5:6. 1897. 
On MALVACEAE: 
Gossypium herbaceum J.., 'Texas. 
Gossypium sp., California, Lower California; Mexico. 
VYYPH LOCALITY: California, on Gossypium sp. 
DISTRIBUTION: Texas to California, south to Mexico. 
A rarely collected species. It may possibly belong with the aecia of 
Fuccinia Dochmia B. & C. 


58. Aeccidium Cannonti Griff. Bull. Torr. Bot. Club 34:210. 190T. 
On FOUQUIERIACEAE: 
Fouquiera splendens Engelm., Arizona. 
TYPE LOCALITY: Sabino Cafion, Santa Catalina mountains, Arizona, 
on Fouquiera splendens. 
DISTRIBUTION: Known only from type locality. 
A characteristic species with long peridia. 


54. Aecidium passifloricola P. Henn. Hedwigia 48:168. 1904. 
On PASSIFLORACBHAE: 

Passiflora rubra L., Jamaica, Porto Rico. 
TYPE LOCALITY: Tarapoto, Peru, on Passiflora sp. 
DISTRIBUTION: West Indies, also in South America. 


297 


55. Aecidium hydnoideum B. & C. Grey. 8:61. 1874. 
On THYMELACHAL: 
Direa palustris L., Alabama, Indiana, Towa, Maine, Michigan, Minne- 
sota, Missouri, New York, Ohio, Wisconsin. 
TYPH LOCALITY: Alabama, on Dirca palustris. 
DISTRIBUTION: New York west to Minnesota, south to Alabama. 
EXSICCATI: Ellis & Ey. N. Am. Fungi 1/816; Rab.-Wint. Fungi Hur. 
3017; Ravenel, Fungi Car. 4:94; Roum. Fungi Gall. 3862; Thiim. 
Mye. Univ. 7726. 
There are no definite clues as to relationship for this characteristic, 
conspicuous Aecidium. It is of the typical heteroecious type and may pos- 
sibly belong with some heteroecious telial form, within its range, on a 


host other than a grass or sedge. 


56. Aecidium Allenii Clinton, Peck, Ann. Rep. N. Y. Mus. 24:98. 1872. 
On ELAHAGNACEAE: 

Hlacagnus argentea Pursh, Montana, North Dakota; Assiniboia. 

Lepargyraea argentata (Nutt.) Greene, Colorado, Nebraska, Wyoming. 

Lepargyraea Canadensis (ih.) Greene (Shepherdia Canadensis L.), 

Colorado, Michigan, Montana, New Mexico, New York, South Da- 
kota, Washington, Wisconsin, Wyoming; Alberta, Yukon. 
TYPE LOCALITY: Buffalo, New York, on Shepherdia Canadensis. 
DISTRIBUTION: Northern United States, western Canada to Alaska. 
EXSICCATI: Ellis & Hy. N. Am. Fungi 7815; Ellis & Ev. Fungi Columb. 

1702; Griff. W. Am. Fungi 297; Rab.-Wint.-Paz. Fungi Hur. 4039, 

Roum. Fungi sel. 4412. 

From field observations, Prof. f. W. D. Holway is reasonably certain 
that this Aecidiwm belongs with a coronate.Puccinia inhabiting Agropy- 
yon and Hlymus in the Canadian Rockies. Later Mr. E. Bethel found the 
sume coronate form on Bromus and Calamagrostis in the mountains of 
Colorado intimately associated with the same Aecidium. From the geo- 
_ graphical distribution of these alternate forms, this connection seems very 
likely. 

57. Aecidium Nesaeae Ger. Bull. Torr. Bot. Club 4:47. 1873. 

On LYTHRACEHALR: 
Decodon verticillatus (.) Ell. (Nesaea verticillata H. B. ix.). Dela 


ware, Massachusetts, Michigan, New York, Ohio, Wisconsin. 
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TYPE LOCALITY: Poughkeepsie, New York, on Nesaea verticillata. 
DISTRIBUTION: New York and Massachusetts, west to Michigan and 

Wisconsin. 

IWXSICCATI: Hillis, N. Am. Fungi 1015; Ellis & Ev. Fungi Columb. 197; 

Kellerm. Ohio Fungi 91; Rab.-Wint. Fungi Eur. 3019. 

No telial form is known on this host. Puccinia Nesaeae EB. & E. was 
described from material erroneously supposed to be on Naesea verticillata, 
but subsequently ascertained to be on Ludwigia polycarpa, belonging tu 
the family Onagraceae. The form is probably heteroecious. 


5S. Aecidiuwm Anograe Arth. Bull. Torr. Bot. Club 28:664. 1901. 
On ONAGRACEAE: 

Anogra pallida (“indl.) Britton, Nebraska. 
TYPE LOCALITY: Long Pine, Nebraska, on Anogra pallida. 
DISTRIBUTION: Known cnly from Nebraska. 
MXSICCATI: Barth. Fungi Columb. 2607. 

Distinguishable from Aecidium Peckii DeT. which belongs with Puc- 
cinia Pechit (DeT.) Kellerm. by having larger and rougher spores. 

59. Aecidium Proserpinaceac B. & C. Grev. 3:60. 1874. 
On HALORAGIDACEAE: 

Proserpinacea sp., Alabama. 
TYPE LOCALITY: Alabama, on leaves of Proserpinacea. 
DISTRIBUTION: Known only from type locality. 


60. Aecidiwm Lysimachiae Schw. Schr. Nat. Ges. Leipzig 1:67. 1822. 
On PRIMULACEAE: 
Lysimachia quadrifolia L., Connecticut, New York, North Carolina. 
Lysimachia terrestris (L.) B. S. P. (J. stricta A. Gr.), Connecticut, 
Delaware, North Carolina, Pennsylvania. 
TYPE LOCALITY: Salem, North Carolina, on Lysimachia quadrifolia. 
DISTRIBUTION: New York south to North Carolina. 
EXSICGATI: Ellis, N. Am. Fungi 1424; Ellis & Ev. N. Am. Fungi 14240. 
Possibly belongs with some Carexr-inhabiting Puccinia. 
G1. Aecidium leporinum Arth. Bull. Torr. Bot. Club 87:578. 1910. 


On APOCYNACEAE: 
Macrosiphonia brachysiphon (Torr.) A. Gray, Chihuahua. 
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TYPE LOCALITY: Guayanoba Cafion, Sierra Madre Mountaines, State of 


Chihuahua, Mexico, on Macrosiphonia brachysiphon, 


DISTRIBUTION: Knewn only from type locality. 


62. Aecidium Apocyni Schw. Schr. Nat. Ges. Leipzig 1:68. 1822. 
On APOCYNACHAE: 

Apocynum cannabinum W.., District of Columbia. 

Apocynum pubescens R. Br., Delaware, New Jersey, North Carolina. 
TYPE LOCALITY: Salem, North Carolina, on Apocynum cannabinum. 
DISTRIBUTION: New Jersey south to North Carolina. 

WXSICCATT: Bilis & Ev. Fungi Columb. 1295. 


An eastern species characterized by its small spores. 


63. Aecidium obesum Arth. Bull. Torr. Bot. Club 37:579. 1910. 
On APOCYNACHAE: 

‘Apocynum hypericifolium Ait., Illinois, Kansas, Nebraska. 

TYPE LOCALITY: Manhattan, Kansas, on Apocynum hypericifolium. 
DISTRIBUTION: Illinois west to Nebraska and Kansas. 
EXSICCATI: Ellis & Hy. N. Am. Fungi 1823; Vestergren, Micr. Rar. Sel. 

1101. 

A western species readily distinguishable from Accidiuwm Apocyni 
Schw. by having much larger aeciospores. 

64. Aecidium Brandegei Peck, Bot. Gaz. 3:34. 1878. 

On ASCLEPIADACEAE: 

Asclepias pumila (A. Gray) Vail, Kansas. 

Asclepias subverticellata (A. Gray) Vail, New Mexico. 

Asclepias verticellata L., Colorado, Nebraska, South Dakota. 

Philibertella Hartwegii Vail, Chihuahua. 

Philibertella Hartwegit heterophylla (ngelm.) Vail, Arizona. 
VYPE LOCALITY: Colorado, on Asclepias verticellata. 
DISTRIBUTION: South Dakota to Kansas, west to New Mexico and 

Arizona, south into Mexico. 


A striking species often causing considerable hypertrophy. 


65. Aecidium Hydrophylli Peck, Bull. Buff. Soc. 1:68. 1873. 
On HYDROPHYLLACEHEAE: 
Hydrophyllum albifrons Heller, Idaho. 
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Hydrophyllum canadense I., New York. 
Hydrophyllum capitatum Wougl., Colorado, tdaho, Montana, Utah, 
Washington, Wyoming. 
Hydrophyllum Fendleri (A. Gray) Heller, Colorado, Idaho, New Mex- 
ico, Wyoming. 
Hydrophyllum occidentale A. Gray, California. 
Hydrophyllum tenuipes Heller, Washington. _ 
Hydrophyllum Virginicum J.., lowa, Minnesota, Nebraska, New York, 
Washington. 
Hydrophyllum Watsonii (A. Gray) Rydb., Utah. 
Macrocalyx Nyctelea (i.) Kuntze (Ellisia Nyctelea L.), Towa, IKan- 
sas, Nebraska. 
TYPE LOCALITY: Catskill Mountains, New York, on Hydrophyllum 
canadense. 
DISTRIBUTION: New York, across the continent to Idaho and Wash- 
ington, sonth to New Mexico. 
EXSICCATI: Ellis & Ev. Fungi Columb. 2102; Garrett, Fungi Utah. 35, 
86; Sydow, Ured. 1544. 
A conspicuous species of wide range. Its telial connection is prob- 
lematical. A large number of trial sowings on it have been made in cul- 


tures, but without success. 


6G. Aecidium Phaceliae Pk. Bull. Torr. Bot. Club 11:50. 1884. 
On HYDROPHYLLACEAE: 
Phacelia alpina Rydb., Utah. 
Phacelia heterophylla Pursh, Colorado, New Mexico, Utah; British 
Columbia. 
Phacelia leucophylla Torr., Colorado. 
Phacelia ramosissima Dougl., California. 
Phacelia ramosissima hispida Gray, California. 
Phacelia tanacetifolia Benth., California. 
TYPE LOCALITY: Utah, on Phacelia sp. 
DISTRIBUTION: British Columbia south to California, Colorado and 
New Mexico. 
EXSICCATI: Barth. Fungi Columb. 3001; Garrett, Fungi Utah. 31, 77; 
Ellis & Ev. N. Am. Fungi 2278. 
A species of wide range in the Rocky Mountains and adjacent regions. 


Doubtless belongs with a telial form on some mountain grass. 
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67. Aecidium Guatemalensis Kern & Kellerm. Jour. Myce. 13:23. 1907. 
On HELIOTROPIACHAE: 
Helioptropium indicum W.., Guatemala. 
TYPE LOCALITY: Gualan, Department Zacapa, Guatemala, on Helio- 
tropium indicum. 
DISTRIBUTION: Known only from type locality. 
GS. Aecidium sp. 
On BORAGINACEAE: 
Bourreria havanensis Miers, New Providence Island. 
No doubt a new species. 


C9. Aecidium Myosotidis Burr. Bot. Gaz. 9:190. 1884. 
On BORAGINACHAE: 

Myosotis Virginica (1..) B. 8S. P. (AL. verna Nutt.), Illinois, Missouri. 
TYPH LOCALITY: Cobden, Illinois, on Myosotis verna. 
DISTRIBUTION: Illinois and Missouri. 

HXSICCATI: Hilis & Hy. N. Am. Fungi 1832. 


7O. Accidium Onosmodii Arth. Bull. Torr. Bot. Club 31:6.  (Jan.) 
1904. 
Aecidium Williamsi Ricker, Jour. Mye. 10:165. (July) 1904. 
On BORAGINACEAE: 

Onosmodium Carolinianum (lam.) A.DC., Kansas. 

Onosmodium molle Michx., Kansas, Nebraska, North Dakota. 

Onosmodium occidentale Mack., Colorado. 

Lithospermum linearifolium Goldie (L. angustifolium Michx.), North 

Dakota, South Dakota. 
TYPE LOCALITY: Callaway, Nebraska, on Onosmodium molle. 
DISTRIBUTION: From Kansas and eastern Colorado northward. 

These two hames are placed here as synonyms. The aecia can not be 
distinguished, the hosts are closely related, and their ranges coincide. It 
is therefore thought that they are one and the same species. 

Morphologically the species is very similar to Aecidium Lithospermi 
Thiim. and may possibly prove to be the same. 

A rather likely connection for this Aecidium is the subepidermal leaf- 
ivhabiting Puccinia of Hordeum or possibly Puccinia triticina Hriks. on 
Triticum. 


[26—29034}] 
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71. Aecdium Mertensiae Arth. Bull. Torr. Bot. Club 31:6. 1904. 
On BORAGINACEAE: 

Mertensia paniculata (Ait.) Don., Idaho. 

Mertensia Sibirica (.) Don., Oregon. 
TYPE LOCALITY: Near Lolo Creek, Idaho, on Mertensia paniculata. 
DISTRIBUTION: Idaho and Oregon. 


In many ways this species is very similar to the preceding. 


72. Aecidium Physalidis Burr. Bot. Gaz. 9:190. 1884. 

Aecidium Solani Am. Authors. Not. Mont. 
On SOLONACEAE: 

Physalis heterophylla Nees., Indiana, Nebraska. 

Physalis lanceolata Michx., Colorado, Kansas, Nebraska. 

Physalis longifolia Nutt., Nebraska. 

Physalis Virginiana Mill., Colorado, Missouri. 

Physalis viscosa U.., Wlinois, Texas. 

TYPE LOCALITY: Urbana, Illinois, on Physalis viscosa. 
DISTRIBUTION: Mississippi valley from Nebraska to Texas. 
EXSICCATI: Ellis & Ev. N. Am. Fungi 3147, 2992; Ellis & Ev. Fungi 

Columb. 1578. 

While it is considered by some that this Aecidium belongs with Pue- 
cinia Physalidis Peck, there is no definite proof to that effect either by 
cultures or otherwise. However, the fact that the two forms are largely 
co-regional and also that they resemble each other in general habit might 
be taken to reinforce the above supposition, but cultures are necessary to 
prove or disprove it definitely. No doubt the better way to make the cul- 
ture is to sow fresh aeciospores on a sterile plant of their own host. The 
species is distinguishable from Aecidium Solani Mont. by its small aecio- 


spores and its revolute and more coarsely lacerate peridium. 


73. Aecidium sp. 
On SOLONACEAE: 

Chamacsaracha Coronopus (Dunal) A. Gray, New Mexico. 
DISTRIBUTION: Known only from New Mexico. 

Entirely distinct from the aecial stage of Puccinia Chamacsarchae Syd. 
which has a diffused mycelium while that of this is limited. 


74. Aecidium tubulosum Pat. & Gaill. Bull. Soe. Mye. p. 97. 1888. 
Accidium Uleanum Pazschke, Hedwigia 31:91. 1892. 
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On SOLANACEAE: 
Solanum Hartwegi Benth. (S. torvum Schlecht.), Cuba, Jamaica, Porto 
Rico, Mexico. 
TYPE LOCALITY: Venezuela, on a spinose Solanaceous plant. 


DISTRIBUTION: Mexico and West Indies. 


75. Aecidiwm Chelonis Ger. Bull. Torr. Bot. Club 5:40. 1874. 
On SCROPHULARIACEAE: 
Chelone glabra L., Connecticut, Massachusetts, New York. 
TYPE LOCALITY: Poughkeepsie, New York, on Chelone glabra. 
DISTRIBUTION: New York, Massachusetts and Connecticut. 
EXSICCATI: Ellis, N. Am. Fungi 1433; Rab.-Wint. Fungi Eur. 3018; 
Shear, N. Y. Fungi 322. 


76. Aecidium Palmeri Ands. Jour. Mye. 6:122. 1891. 
On SCROPHULARIACHAE : 

Pentstemon virgatus A. Gray, Arizona. 

TYPE LOCALITY: Willow Spring, Arizona, on Pentstemon virgatus. 
DISTRIBUTION: Known only from type locality. 

Distinguishable from Aecidium Pentstemonis Schw., which belongs 
with Puccinia Andropogonis Schw., by the relative thickness of the outer 
and inner walls of the peridial cells, and from the aecia of the autoecious 
Puccinia Palmeri D. & H. by the persistent and more cylindrical peridia, 
und the smaller spores. It is possibly connected with some western grass- 


inhabiting Puccinia. 


77. Aecidium Collinsiae Ell. & Ey. *Bull. Washb. Lab. 1:4. 1884. 
Accidium Tonellae D. & H. Erythea 3:77. 1895. 
On SCROPHULARIACHAE: 

Collinsia parvifiora Dougl., Washington. 

Collinsia Rottani A. Gray, Washington. 

Tonella tenella (Benth.) Heller, Washington. 
TYPE LOCALITY: Falcon Valley, Washington, on Collinsiu parviflora. 
DISTRIBUTION: Kiown only from Washington. 

Distinct from aecia of Puccinia Collinsiae P. Henn. which arise from a 
limited mycelium, that is, are in groups. 


* Not verified from original description. 
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7S. Aecidium Gerardiae Peck, Ann. Rep. N. Y. Mus. 25:92. 18783. 
On SCROPHULARIACEAE: 

Afzelia macrophylla (Nutt.) Kuntze, Nebraska. 

Dasystoma flava (1..) Wood (Gerardia flava L.), Alabama. 

Dasystoma virginica (.) Britton (Gerardia quercifolia Pursh), Con- 

necticut, Michigan, North Carolina, New Jersey. 
TYPE LOCALITY: Near Cold Spring, New York, on Gerardia quercifolia. 
DISTRIBUTION: Nebraska and Michigan, Connecticut south to Alabama. 
EXSICCATI: Barth. Fungi Columb. 3302; Ellis & Ey. N. A. F. 27705 

Roum. Fungi Sel. 4678; Thiim. Mye. Univ. 1225; Seym. & Earle, Econ. 

Fungi Suppl. B30. 

This Aecidium is very similar to the one on Pentstemon, which be. 
longs with Puccinia Andropogonis Schw. and probably also belongs with 
this Puccinia. This supposition is strongly reinforced by a field observa- 
tion made by Rey. J. M. Bates in 1910. After observing aecia in June on 
a plant of Afzelia macrophylla, he later found Puccinia Andropogonis de- 
veloped close by. Since Pentstemon, Dasystoma, and Afzelia all belong 
to the same family, it is very likely that the similar aecia on them have 


the same telial connection, viz: Puccinia Andropogonis Schw. 


79. Aecidium micropunctum BE. & BE. Jour. Myce. 6:119. 1891. 
On SCROPHULARIACEAE: 

Castilleja coccinea (1..) Spreng., Iowa. 

Castilleja integrifolia Colorado. 

Castilleja sessilifiora Pursh, Iowa, Nebraska, South Dakota. 
TYPE LOCALITY: Pine Ridge, Nebraska, on Castilleja [sessiliflora]. 
DISTRIBUTION: Jowa, Nebraska and South Dakota. 

From field observations in Nebraska, Rev. J. M. Bates suggests that 


this Aecidiuin belongs with Puccinia Hilisiana Thuem. on Andropogon. 


80. Aeccidiuim sp. 
On SCROPHULARIACEAE: : 
Melampyrum lineare Lam. (M. americanum Michx.), Connecticut, Del- 
aware, Massachusetts. 
DISTRIBUTION: Southern New England States. 
This Aecidium, while similar to, is probably different from Aecidium 


Melampyri Wuntze & Schum. of Europe which belongs with Puccinia 
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Moliniae Tul. on Molinia coerulea, especially since that rust is not yet 
recognized as American. The American Aecidium probably belongs with 
some other grass-inhabiting Puccinia. It is doubtless a distinct species. 


S81. Accidium Tracyanum Syd. Hedwigia 40:(129). 1901. 
On ACANTHACHAE: 
Colophanes oblongifolia (Michx.) Don. (Ruellia oblongifolia Michx.), 
Florida. 
TYPH LOCALITY: Braidentown, Florida, on Ruellia [oblongifolia]. 
DISTRIBUTION: Known only from type locality. 
Distinct from aecia of Puccinia lateripes B. & R. 


82. Aecidium Oldenlandianum Ellis & Tracy, Jour. Myc. 7:48. 1891. 
On RUBIACHAE: 
Houstonia ininor (Michx.) Britton, Alabama. 
Houstonia purpurea L., Mississippi. 
TYPBH LOCALITY: Starkville, Mississippi, on “Houwstonia coerulea,” error 
for H. purpurea lL. 
DISTRIBUTION: Gulf States. 
Distinct from Aeccidium Houstoniatum Schw. which belongs with Uwro- 


myces on Sisyrinchium, by aecia being produced from a limited mycelium. 
ao 


83. Aecidium Bouvardiae D. & H. Bot. Gaz. 24:36. 1897. 
On RUBIACEAE: 
Bouvardia hirtella . B. W., Guanajuato, Queritaro. 
Bouvardia triphylla Salib., Mexico. 
Bouvardia sp., Guanajuato. 
TYPH LOCALITY: Rio Hondo, near City of Mexico, on Bouwvardia tri- 
phylla. 
DISTRIBUTION: States of Guanajuato, Queritaro, and Mexico. 
Distinct from the aecia belonging to Uromyces Bouvardiae Sydow. 


84. Aecidium pulverulentum Arth. Bull. Torr. Bot. Club 33:521. 1906. 
On RUBIACEAE: 


Randia sp., Morelos, Jalisco. 
TYPH LOCALITY: Cuernavaca, State of Morelos, Mexico, on Randia sp. 
DISTRIBUTION: Morelos and Jalisco. 


406 


85. Aecidium Triostei Arth. Bull. Torr. Bot. Club 33:32. 1906. 
Ou CAPRIFOLIACHAE: 

Triosteum angustifolium I., Missouri. 
TYPE LOCALITY: Perryville, Missouri, on Triosteum angustifolium. 
DISTRIBUTION: Known only from Missouri. 


86. Aecidium Valerianellae Biv. Bernh. Stirp. Rar. Sicil. 1816. 
On VALERIANACEHKAE: 

Valerianella congesta Lindl., California, Washington. 
TYPE LOCALITY: Sicily, on Valerianella campanulata. 
DISTRIBUTION: Washington and California. 


87. Aecidiwn Lygodesmiae (Webber) Shear; Ellis & Ey. Fungi Co- 
lumb. 1476. 1901. 
Aecidium compositarum Lygodesmiae Webber, Bull. Neb. Agr. Exp. Sta. 
1:n.9:61. 1889. Nomen nudem. 
Aecidium compositarum Lygodesmiac Webber, Rep. Neb. Bd. Agr. 1889: 
210. (70). 1890. 
On CICHORIACEALE: 
Lygodesmia juncea (Pursh) D. Don., Montana, Nebraska, South Da- 
kota. 
TYPE LOCALITY: Belmont, Nebraska, on Lygodesmia juncea. 
DISTRIBUTION: Nebraska, South Dakota and Montana. 
EXSICCATI: Ellis & Ev. Fungi Columb. 1476. 
This is definitely a heteroecious form, as cultures by Dr. J. C. Arthur 
spring of 1911 show the telia on this same host to be autoecious. Possibly 
connected with some sedge-inhabiting Puccinia within its range. 


88. Aecidium crepidicolum FB. & G. Jour. Mye. 6:31. 1890. 
On CICHORIACEAE: 

Crepis acuminata Nutt., Montana. 

Crepis glauca (Nutt.) T. & G., Utah. 

Crepis runcinata (James) T. & G., Montana, Nebraska. 
TYPE LOCALITY: Helena, Montana, on Crepis acuminata. 
DISTRIBUTION: Nebraska, Montana and Utah. 


Doubtless heteroecious and probably goes with some Puccinia on Carez. 


89. Aecidium Hieraciatum Schw. Trans. Am. Phil. Soe. II. 4:298. 
4832. 

On CICHORIACEAE: 
Hieracium Canadense Michx., Illinois, Minnesota. 
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Hieracium albifiorum Hook., British Columbia. 
Hieracium cynoglossoides Arvet., Montana. 
Hieracium paniculatum I.., Pennsylvania. 
TYPE LOCALITY: Bethlehem, Pennsylvania, on Hieracium paniculatum. 


DISTRIBUTION: Pennsylvania west to Montana and British Columbia. 

This Aecidiwm is very similar to the one on Lactuca which belongs to 
what has been referred to the so-called Puccinia Opizii Bubak on Carex. 
Further, in 1907, Prof. E. W. D. Holway coliected the Aecidiwm at Glacier, 
B. C., and made the observation that it was possibly connected with a 
Puccinia on Carex Deweyana Schw. and C. vitilis Fries which Puccinia is 
practically indentical with the so-called Puccinia Opizii Bubak. This to- 
gether with the fact that this Hieracium Aecidium and Puccinia Opizii have 
practically the same general geographical distribution, makes it very likely 
that this Aecidium belongs with the above named Carex rust, but cultures 
are necessary to prove this definitely. 


90. Aecidium columbiense Ellis & Ev. Erythea 1:206. 1898. 
On CICHORIACHAL: 
Hieracium albiflorum Hook., Washington; British Columbia. 
Hieracium Scouleri Hook., British Columbia. 
TYPE LOCALITY: British Columbia, on Hieracium [Scouleri]. 
DISTRIBUTION: Washington and British Columbia. 
Distinct from Aecidium Hieraciatum Schw. in having a diffused myce- 
lium. 


Prof. Holway believes this to be connected with Puccinia on Luzula. 


91. Aecidium sp. 
On AMBROSIACEAE: 
Iva oraria Bartlett (I. frutescens A. Gray, not L.), Delaware, Flor- 
ida, Louisiana, Virginia. 
DISTRIBUTION: Salt marshes along the ocean and gulf coasts from 
Delaware to Louisiana. Evidently a heteroecious form. 


92. Aecidium Liatridis (Webber) Ellis & Anders. Bot. Gaz. 16:47. 
1891. 
Aecidium compositarum Liatri Webber, Bull. Neb. Agr. Exp. Sta. 1:n. 
9:60. 1889. Nomen nudem. 
Aecidium compositarum Liatridis Webber, Rep. Neb. Bd. Agr. 1889 :210 
(70). 1890. 
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On CARDUACBHAE: 
Laciniaria punctata (Hook.) Kuntze (Liatris punctata Hook.), Mon- 
tana, Nebraska, North Dakota. 
Laciniaria spicata (L.) Wuntze (Liatris spicata (.) Willd.), Ne- 
braska. 
Laciniaria scariosa (l.) Hill (Liatris scariosa Willd.), Kansas, Ne- 
braska. 
TYPE LOCALITY: Ansemo, Nebraska, on Liatris scariosa. 
DISTRIBUTION: iXansas to North Dakota and Montana. 
EXSICCATI: Barth. Fungi Columb. 2603; 2902; Brenckle, Fungi Dak. 
101; Carleton, Ured. Am. 88; Sydow, Ured. 2347. 
Numerous trial sowings of teliospores on these hosts in cultures have 
been unsuccessful. The telial connection may possibly be some unrecog- 
nized Puccinia on some sedge. 


93. Aecidium Boltoniae Arth. Bull. Torr. Bot. Club 28:664. 1901. 
Cn CARDUACEAE: 

Boltonia asteroides (.) L’Her., Iowa, North Dakota, South Dakota. 
TYPE LOCALITY: Spirit Lake, Iowa, on Boltonia asteroides. 
DISTRIBUTION: Iowa to North Dakota. 

With this as with the preceding species, numerous unsuccessful sow- 
ings have been made on the host in cultures. The telial connection is 


likely to be some sedge-inhabiting form. 


94. Aecidium Clibadii Syd. Ann. Mye. 1:33838. 1908. 


On CARDUACEAE: 
- Clibadium arboreum F. D. Smith, Mexico. 
Clibadium Donnell-Smithii Coult., Guatemala. 


TYPE LOCALITY: Guatemala, on Clibadium Donnell-Smithii. 
DISTRIBUTION: Known only from two localities. 


95. Aecidium Montanoae D. & H. Bot. Gaz. 24:36. 1897. 
On CARDUACEHAE: 

Montanoa sp., Mexico. 
TYPE LOCALITY: Near City of Mexico, Mexico, on Montanoa sp. 
DISTRIBUTION: Known only from type locality. 
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96. Aecidium Wedeliae Harle, Muhl. 1:16. 1901. 
On CARDUACEAER: 

Wedelia carnosa Pers., Porto Rico. 
TYPE LOCALITY: Mayaguez, Porto Rico, on Wedelia carnosa. 
DISTRIBUTION: Known only from type locality. 


97. Aecidium Bahiae B. & C. Grey. 3:60. 1874. 
On CARDUACEALR: 
Bahia sp. 
Briophyllum stachadifolium Greene, California. 
TYPH LOCALITY: (North America) on Bahia sp. 
98. Aecidiwm Senecionis Authors. 
Aecidium compositarum Senecionis Authors. 
On CARDUACEAE: 
Senecio aureus L., Iowa, New Hampshire, New York, Wisconsin. 


DISTRIBUTION: New Hampshire west to Wisconsin and Iowa. 


99. Aecidium sp. 
On CARDUACEAE: 

Senecio praccox DC., Mexico. 
DISTRIBUTION: Known only from State of Mexico. 

A very characteristic form, no doubt a distinct species, doubtless be- 
longing to some grass- or sedge-inhabiting telial form. 


100. Aecidium Herrerianwn Arth. Bull. Torr. Bot. Club 33 :520. 1906. 
On CARDUACBHAE: 

Senecio salignus DC., Hidalgo. 

TYPE LOCALITY: State of Hidalgo, Mexico, on Senecio salignus. 
DISTRIBUTION: Known only from type locality. 

A strikingly characteristic form, on account of its conspicuous perid- 
ium and large, thick-walled, dark colored spores. Doubtless heteroecious 
and possibly belongs with some telial form other than a grass- or sedge- 
juhabiting one. 


101. Aecidium Compositarum Authors. 
(The following closely related forms, which have not been properly 


assigned to their telial connections and regarding which little is known. 
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are placed together under this one general “catch all” name, which has no 
particular significance. Field observations and cultures, along with further 
microscopical work, are necessary to segregate these forms. No doubt some 
of them will be found to belong with aecial forms already connected, 
while others of these forms will doubtless be found to have new heteroe- 
cious connections. ) 
On CARDUACEAE: 
Coleosanthus grandiflorus (Hook.) Kuntze (Brickellia grandiflora 
Hook.), New Mexico. 
Chrysogonum virginianum dentatum A. Gray, District of Columbia. 
Chrysothamnus Parryi (A. Gray) Greene (Aplopappus Parryi A. Gray) 
New Mexico. 
Dugaldia Hoopsii (A. Gray) Rydb. (Helenium Hoopsii A. Gray), Col- 
orado. 
Helenium autumnale L., Colorado. 
Polymnia canadensis L., Towa, Wisconsin. 
Rudbeckia hirta W., Nebraska. 
Rudbeckia laciniata L., Iowa, Nebraska, Wisconsin, Wyoming. 
Rudbeckia triloba W.., Delaware. 


ACKNOWLEDGMENTS. 

The writer wishes here to express his sincerest thanks to all who have 
assisted in any way in the pursuance of this study. The kindly attention 
and critical suggestions of Dr. J. C. Arthur, under whose direction the 
work has been done, has been greatly appreciated throughout. Acknowl- 
edgments are especially due Dr. Arthur for the free use of his exception- 
ally large private collection of plant rusts, as well as for free access to 
his extensive private library on this subject, without either of which this 
study would not have been possible at this time. Free use was also made 
of his private card indices and manuscript sheets on the subject, which 
very greatly facilitated the use of both the library and the herbarium, and 
where much information was already brought together in available form. 

Sincere thanks are also extended to the other members of the botan- 
ical department of the Indiana Experiment Station, viz: to Dr. Frank D. 
Kern, Mr. C. R. Orton, Miss Evelyn Allison and Miss Mary A. Fitch, for 
kindly assistance in various ways, 


Abroniae ..... 
Aconiti-Napelli 
Aesculi 
Allenii 


Anemones 


«ee 


Anograe ..... 
INPOCY DM 264: 
Argithamniae 
1siluueeyy a eee 
Boehmeriae . 
Boltoniae ... 
Bouvardiae .. 
Brandegei ... 
Brysonimatis . 
Cannonii .... 
Cerastii 
Chelonis 


Cimicifugatum 


eee 


circinans 


Cissi 


Siv/,0 «06 5 © 


columbiense . 
Collinsiae ... 
Compositarum 
crepidicola .. 
Crotonopsidis 
Daleae 


Delphinii 


Dicentrae 


Murotiae:.... - 
Falcatae 
Fendleri 


Gerardiae 


Gossypii .... 


guatemalensis 
Herrerianum 


411 


INDEX OF SPECIES OF AECIDIUM. 


Sit@isife) (6! \0| e:30, (ea) /8)e. ef enel a 


eee were sehen wr towe 


Bhayiegie Selle elle) (0,(e) éuielela iv 


O sCeONOeO CO e Oick UTC Ci ig 


S)pieleit=l (=e) (ss se ve) wile) eis, 


OO) ONO Ch OLOROP Ca ayo. cab 


@\\e, i=) 6) |e) |e (0, e] |») (sis ie) (e) 19) «/ (e, 


OO OOO OMcetincne sauce mene 


a s).6.el\a' (e]\e\"el,0\ s}ay 8) \¢) ele; (@ 


* List number. 


Mera Chait Ne rss.. ac > cists a cies ekeks 89 
Eivadrophyillitgaesre nie A Sweats Hetits 65 
Inyo baVoNGKebiOll Geaoooanaaoee conar 5D 
interveniens ..... PNR 1h Oe ; 50 
iri iS MAeerieL Gece ou Saens er 7 
RVOVTE MIAMI. execs ..oieusete eacseusse eis 5 oul 
TEMORUMUNMVA Se cone oes eee ee 61 
EM AGTTCUIS) Suse ieee c tole stars ie Sisco te 92 
Mi oyeselr olin pate eon eet Aerts Sree 10 
JG bh onliONle: Sessg-7 CREO a cho, Eero 5 
WV SOMESIMAC TH =. 5 ar. hss seh eerd oe ST 
TGY- SIME TMCS isto slsrsiche tele Cuekei otic 60. 
MMerteNSTAG So era es. Sid eeu (al 
TVR CAMA  cesyaucrevepet erst non y= cles he 46 
MIGLOPUMCOUMI A. ema om oe ee 79 
NIGH ODED Beko ome colores 2 14 
Montonodem sais ini iskeucuepsile secs 95 
Mav OSOUI GUST art ters os cle melee eeeuetenste 69 
IMiyriGacuTin™ etnies mie ce tues 8 
INGSH GAG oe vas.psasvatsesy oy shcnoteksuounecote 57 
ODESUMMed vee tokio cee reer 63 
OCEIOSMEANE VE ah a cleret oe ars a eveyone 22 
Oldeniam diamines. see eroeer 82 
(Gyovo) HAAN Sao agaeean ace ac 382 
OMOSMOGIUOS ee sets Os ans Ce se 70 
PV GDh 2y5c lexansesese-t0 os ae eke «oho 76 
PEDTOMAS SUC ee ete eee eyresetiavere ev eb arene 29 
DASSEMOETCOlANS marries eerie sie 54 
Petalostemomis: 5222.22.25 ess% 34 
PHaceliae: Sic. ete Oh ob eet 66 
JPOKASURKCIICS 34 poole aopeamas occa 72 
PoOlywallinima, Shes asses «|e eletaeys 40 
IBFOSPINACGCAG accent ois ie 59 
DU VerMlent WIM) Ser = els 4 acter $4 
Ranunculacearum .-........- 23, 24 
S@MEGCIOMIS" Se acres = aa eteve mais 98 


412 


GUD MTOSUIM Sse 2 arate seats) er ckehe eee T4 
Wyn BIG: 9s! 29s se © eka he 2 
Walerianellae: <...-.)). Joannie 12 886 
WIOIASGEDS <0 5 asucilsie aclaebte Ape oi 
Wredeliiae. .fid.5.60% venice eee sags 
Manthoxyli. ..3/ 25... .2530 ae 39 
ZEDWTAWMS sere css eho sc ee 6 


1G, 28, 30, 43, 49, 68, 73, 80, 91,99 


GENERIC INDEX OF HOSTS. 


Sphaeraleéae.. chasse see care exe HL 
SOUULIM STNG = = once cauewems ye eter ree 44 
ADT glee Romo bole o 25 
ERT CY ANIM: fare maak & ce eet 81 
Mri eLOCHIMIS Tegeyene crclese sehen al 
Riise ceils eee eee s 5 
(DOSLOL Peeler he hae ee eee 85 
GU erCUMAUMAT ie icc chee 48 
DRCCIES, UMMA. 6 ot. ace « csieaeeky, GL, 
UOT ONAL age stefauetefeets see atte a eee *13 
ANC OWM GUI od as Suse tia a hates 19, 20 
PN CUAGHIMN. tay. Vnclstaohlccaleite is teres ited 
NCS CUMIS 8 Stet retet saree hot neceeternee 45 
STZ OILAR Is Aas "ts otedelarcva ete ares ae 78 
All) OY 2-218 Sy ae OE UP ROPE TERROR 49 
AIUD ILGIID ian cttete ke otc l sneha. «ere ees 3 
PATICHIONIG? t.ho t Peis isintaese ale ve ee eee ZA 
TVOP TE Iiie aie laye tie elses inte beh totete 58 
PACTEMOT ICU tater seietetrs ccleietere ee +f 
AD LOMMUD USO L, ia tts distels @ialelvtakere es 101 
POC VIM eee oars sre aieras els: eerie ae 62, 63 
PATS UCMUENONN Maciel slalaresscicicta te o oiee 42 
ANGLED AN oer e's crn tee ones te 64 
ES SUL Mera esceciststeyeriuvretan ede. aleve ares 97 
BUD ULSI Alar arastactas a ditesscce ureters 31 
IB CLDORISM A .tirskefeiai acc eieuenen ones 26 
Boehmenisi Fits oem Grelety cis wie ore 9 
TS OMLOUUNE Gerke scouicee enero cole 93 
ES OMEL CEL By site isnt elec: nereele 68 
Bouyardiag a. lee nae eke ee 83 
BS TAUCISCUUT.— sat dian hste eau Alta orsteee 101 
PS YU SONU S53 cyere oerereie «tears eles 38 
CoPEn Ge os 2 ihe eee 48, 50 
ACM titans tar aie eae ote SETS 16 
5 123 Es Mr ile ALE PR ear 30 


* Aecidium number in list. 


@astilleja: x. cciecvccu eso ee eee 79 
Cerastiwm: «4:65. . sf on. eee 15 
@hamaesaracha ....... 1. 73 
Chelone: «ic... 7. os he 75 
Chrysosonuim! . 2)... eee 101 
@hrysothamuus: g). ..s5-)- vee 101 
Oimicwiued v0.1.6 ke sce 17 
GUSSUS Tee cir wincerake eat otter 46, 47 
CQUCNUATIS 26.5 Phe sits sotto hee 22 
OlibadiwmM: «015 6.556). eee 94 
Coleosanthes, «.cis..'. «., «fen -svictey eee 101 
COWMMSIA, aie fice aie ss ee ee 1H 
Oolophanesy xs 0:6): tise eee 81 
GLOPIS! Fw asses oie) ile ete ne 88 
CE OCOD: be Wetetevel sxe ssovese ata eee 41 
CLOLONODSIS iso cclsis tecsrsia cen Al 
Cyrtorliyncha! .icsnhe ac) eee 24 
DOO?! os. Sais cee ee 33 
Dasystomai; ;. 2. 406. scvenn ee eee 78 
WECODOMY ood eee teh woe eee 57 
Welphin ium ws. chs eee 18 
Dicentta ids sc) sche le! eae eT 
DInea sos oe ara) 
Dugaldia. in... a ke. bee 101 
WIAeagnus® “24. clesdic ee eee 5G 
PUUNSIO. ts oo 328s och ie ee 65 


NETO POLAND So oy ce teva eer st a) ev eres oh 97 
EURO TUAN Sic itevecltoce era's 3 & wstwlels 12 
J RIGRIIDY, aig cachet ce erecrne ee pe tokorTc 36 
TOME TEAY ANY. reverse age Sieuere, eyes 6 53 
GET INIUUIIN Fore tei. sss atsoi «eevee aie eceve 37 
CHOU MOL tecicnseen Setteasseee arocetwtyehone Srss 78 
CEOS SY UUM s,s: fey erreurs ono: 5 ele, scaler ets 52 
ARSC STMT Pelee acts poh eotey tu oteushopoysanaks 101 
FCM O GEOINT fe aro, zener ev eveit © ee) 67 
EET ACHIN f. .spsienors, os, ofsiisieusle "es 89, 90 
ISIOUIGIKOINIE es Soares Comoe eee 82 
lelyolaojolayilithia Saag oumoaucoec 65 
JENS! - 6-6 Grade es Gi rartrcnctee bee cremicaoeeke t 
ES OPMVATRUITNT sek s.tyc;/oparey sire oasis soe od es 25 
Mielec nei « foots): sre ssivapouop.coriesene seve, 91 
GETRO OME sichatonerey ter chonGer Ot Oem ee 3 
HEA ANS A ce, erspenes apsize el orsher meron sr ets 2 
AGE WAL SVACHS ss cas os i wisi sya eteersie 6 56 
NESW CO CUMIN verckcro cus aiels sceuieree’s 3 
TLRS: eocpcree aeRO LORIE ane 92 
TEUEMOSPCEMMUM 6 a. ees ccs arc 70 
THOR ANUEMI Go es crovek roe ote, sheviss's a err aiwils 11 
ICG Ss sae sooo dooHe Ober 35 
My OMESTINIG Mate gret ai ciamesro tees 87 
TGV SIMMACHIAL Biaisten s ot:tuetorerstectoe ¢ 60 
IVIFAIET.O Callivaxe Sits crcreiaycye redone aieualercuele 65 
MIRGROSN ONOGMEN Goooadoennsnnos 61 
AVE AUS GIGUITAN Gs tees sais fete aeeranekssatoie 50 
M(@lEniNyoAgblny Soguganoogaocuoor 80 
INNCEGCTIST Ale. cotsrecs maponustat aausaeiets (all 
IN Tiree MINS Ue sven weer rawarey er eseneushere:s . 14 
VII M Aer yet erees chy cscs atone, oPesorcintons 28 
INEOSTAE ANT Oveliercge. tet ayes ha ays, iohecsusinte eros 95 
ILC) ZANMVEU Pesates ave ic eicberaer ex retsns kolereconnS 3 
IVER Y OS OMS care easier Melieoutnacs tess, eral 69 
AVIS AEC sliarate Sccisheyoteeenshalet sia ar sastecmaene 8 
ING SHIGE = te peymcuss claves icketedehe Frc savas D7 


Furdue University, 
Lafayette, Indiana. 


Onosmiodiumy pacers 70 
BAETASSTA pS wares 6 species ees meee 4) 
PAL OSC al 5c: ilorsherchaysisie"s sree ciaits 33 
PASSIG OT ANY fete ccersshe voseie 6 vacssenar ses . bd4 
IPEMIUSHCTMOIMS fy welcketeresaieyoenelee arses 76 
Petalostemiol Vasari sce «ire 34 
TV ACOUUAR we tcyege ce pouenelsyccseleps Sart OG 
ane rcelay vy sae skeusasichepaecs neues 64 
PRY SAVES! sie fosies yere sl oiereretecersinere:s 72 
POby Galley crracuelor yo, eae, crekoya sn euch ee 40 
EOL yA orserctars ops aisle eo ets 101 
IB POSERDINMACCA sees ei evelere ee ee 59 
SORA CARE 4 are, aucune ihecexnt Sys fauel eke 2 
Rev Fs Sha sise ssh c0 ous ey ey elles sys) oye asus 84 
IRGNNOUEUINS, Sapooesoadonedes 23, 24 
E10 (oll of sxe) tel fs nese eae oheicen CESS coe 101 
RALG@UIPE sjoue exe w che tenecsse que tocdraye reeves 81 
SGD aS Clem ey ya terat eee ese ssteteue kare, sels 44 
SKETIOKOn Roles co omaciaea 98; 99; 100 
SMMAVIGMMION he faces obuenO0Cee 5 BH) 
SIGAILCeD sacs ote 48, 49, 50, 51 
Sollenoiin” oonecocc wigE cians tvenee save 74 
Sp lMaennl COA re aca akeises eee aeenakokece ol 
SGULMON AN Kida o.. Bieter sis ee lane sneraies 44 
SVG SSI OMGRPyepeye =o! sim susieleneesrais 25 
MoU Ne heb UCT ee Conepeecroreminiceea caacoc 25 
OME EL ese ser nate leieusrs anal svaxer oie eoheveys 77 
LiRiciked Voxel gists porns rko ooo oele c 

AMorTNhGohony eeecreee 5 Oto cco aeo od 5 
TET OS COUN Bacaavecs susier orev syarevens or ayer 85 
WIGICAe Ty. tarantoecdtinnewets 29 wish 10 
LORYAUDEGN Ritz Gamer eka techno IcneRescrerercac ae 2 
Weel ersiaii eee Senensi one arsuc teitsts scenes SoG 
WAOTMIER: S cxetatsrsicce oes Sioa Traces earaiorte 22 
AGU CINE Ss aia cle eancr om eiciomonc 96 
/EiMlaGravil Godsacnongedacunde =9 
ZEPMTANGIVES eevee ra cise sts) sveks a 


oe 
Po ive! 
‘ve 
i 
ta 
j 
j 
i 
R 
i 
‘ 
4 


- 


415 


CONIOSIS. 
(Abstract 


By Rospert HESSLER. 


This paper relates to an experiment on the part of Nature, one that 
is going on all about us on a large scale, namely adapting man to live in 
cities overhung with smog clouds, in other words, changing man from an 
open air animal to an indoor air animal. 

Like all of Nature’s adaptative processes, this one is attended with 
great loss of life. The outcome is still a matter of doubt. It seems that 
besides destroying individuals there is also a tendency to destroy the 
species. To what extent man can counteract this weeding-out process is 
an interesting as well as vital question. Besides great loss of life there 
is much misery and ill health, all of which may be regarded as a reaction 
to an abnormal environment. 

In the eyolution of living matter we find organisms adapted to all 
sorts of surroundings: lichens in the cold arctics and alge in the almost 
boiling hot water of geysers; animals in water and on land, in deep caves 
and high in the air. 

The naturalist and the evolutionist see a life and death struggle 
everywhere, plants fighting for possession of the soil, animals destroying 
life and seeking to avoid destruction. Nothing is at peace, war every- 
where, 2 struggle for existence with a survival of the fittest. Nature is 
constantly at war with man, and civilized man himself is at war with 
Nature trying to counteract her. 

Man as a species of animal is still undergoing the process of adapta- 
tion, the law of the survival of the fittest is still in active operation. 
Man has not even outgrown destroying his own kind; the annual expend- 
iture for war or being prepared for war is a burden that threatens to 
ruin many a nation. 

Man as a species has adapted himself to a variety of surroundings 
from pole to pole. In some regions there is perpetual winter, in other 
places there is perpetual summer. In the temperate zone there is an 
alternation of half a year winter and half a year summer. Man indigenous 
to the temperate zone is adapted to these changes in temperature. Indi- 
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viduals from extremes, from the frigid and torrid zones, are not adapted 
to changes. If the Eskimo and the South Sea Islander exchanged places 
they would quickly perish. 

In his evolution man has passed through different stages of civiliza- 
tion, or aS some one has said domestication. At first he was a hunter and 
fisher, living an outdoor life like the animals about him. This was fol- 
lowed by the pastoral stage. Then came the agricultural in which for the 
first time he had a fixed home, and that meant to keep alive his old and 
decrepit and sick; many house diseases now found favorable opportunity 
for propagating themselves. In the handicraft stage where men were 
confined indoors the conditions for the propagation of house diseases be- 
came still more favorable. During the present industrial stage man has 
actively counteracted the ravages of many specific diseases, has practi- 
cally banished some, but many still flourish unchecked. Common ill 
health that can not be dignified by the name of disease is perhaps more 
prevalent today than ever. Many people are not adapted to domestica- 
tion, to a life under indoor conditions, in short, to an artificial climate. 

In many regions of the globe man still leads the simple outdoor life 
(in the interior of Africa, Australia, South America), in others men are 
massed in cities. City life means a many-sided contact with all sorts of 
causes of ill health and disease and the weeding-out process. The process 
of adaptation is attended with great loss of life, as just mentioned. Here 
again we see a survival of the fittest, those best able to live under un- 
sanitary environment. But fittest does not mean best—the inhabitants of 
overcrowded filthy Chinese and East Indian cities do not head the list 
of best men, most highly civilized. 

Dismissing far away people and confining ourselves to man at home, 
Wwe again see how the process of adaptation has been at work in producing 
the fittest, but not necessarily the best. 

We trace our ancestry to Europe. Parentage goes back either to 
country or city ancestry. The ancestors of some of us have always led 
a quiet isolated rural life, others were more or less in contact with city 
life. A few have ancestors who for generations lived under crowded city 
conditions. City life means a many-sided exposure to all sorts of weeding- 
out factors. 

The man among us who has perhaps undergone the weeding-out 


process attending city life most thoroughly is the Jew who traces his an- 
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cestry to the ghettoes of old fortified European cities; his susceptible an- 
cestors have been killed off to such an extent that he is largely immune 
te unsanitary conditions found in our cities. But he can not thrive under 
extreme conditions, such as are found in Asiatic cities, nor does he try 
to. Being ambitious he gets out of our own slums as quickly as possible. 

On the other hand are the descendants of Southern Mountaineers, the 
latter a class of people who for several generations have lived in isola- 
tion, under so-called healthful surroundings, with an almost complete 
abatement of the weeding-out process found in cities. When they go to 
crowded, smoky and dusty cities they quickly fail. There may be com- 
plete failure, that is death, or failure of health with much ill health, 
the ill health attendant upon the process of adaptation. One can not 
properly speak of this as disease but as a reaction to an abnormal, an 
unsanitary environment. 

Country-bred man goes to the city with a “stock of health.’ This in 
time fails, quickly in some, slowly in others; it may suffice for an indi- 
vidual but not for descendants and then we hear of race suicide. 

Children born of city parents may perish at once or they may live 
for weeks, months or years and then die, perhaps after having had much 
il) health which finally terminates in disease. Certain diseases must be 
regarded as city and house diseases par excellence. 

Just where health shades off into ill health, into minor maladies, and 
then into disease and death, is always an interesting study to the student 
of environmental influences, not to speak of the student of pathology. 

Til health touches many of us or our relatives or friends. Well- 
defined disease is comparatively rare, it may not appear until near the 
end of life. We should sharply discriminate between ill health and dis- 
ease. 

Some diseases have a rapid onset and may be fatal in a few hours, 
but as a rule the onset is slow and announced by preliminary warnings. 
Change of environment, making the conditions favorable for the body, 
may mean a continued existence. 

Some diseases must be considered incident to city life and indoor 
lite, notably tuberculosis and pneumonia—diseases with a frightful mor- 
tality. Then there is a host of minor maladies which must be looked 
upon as “diseases of civilization’—we need only think of catarrh, dys- 
pepsia and nervous prostration. 


[2729034] 


418 


We have not yet reached a stage where we judge the salubrity of 
a2 community by the amount of ill health. Our statistics relate to deaths 
—many individuals when fatally stricken leave the cities. The large in- 
dustrial city overhung by smoke clouds has no use for the man over forty 
or forty-five. Men are soon worn out. 

Besides people born in this country, natives as we say, there are 
those who come in directly from old European homes, immigrants of all 
kinds. How do they fare in our country? Here again we must consider 
the former life conditions and ancestral history and to what extent the 
weeding-out process has been operative. The conditions for existence in 
the new home may be better or worse. 

There is an old saying, The good die young. I do not know where 
that saying originated but I feel sure it is one based on city life. Such 
4 Saying is diametrically opposed to the belief in the survival of the 
fittest. The man best adapted to live in slums is not the best type of 
man—if this were so the inhabitants of crowded Asiatie cities would 
head the list. 

There is another saying, Mens sana in corpore sano, yet when we 
study biography we find that many of the world’s greatest minds had 
much ill health, some constantly complained. What makes a_ healthy 
bcdy? Must or should we contrast healthy or health with disease? or 
would it be better to contrast it with ill health? The physician con- 
stantly meets people who have ill health and yet no disease. In general 
it may be said that health results from country life, ill health from city 
life. 

When we study the lives of city people who complain much of ill 
health we may find that their bodies are “healthy” enough but that there 
is a reaction to an abnormal environment, particularly abnormal air con- 
ditions; there are all sorts of symptoms of ill health. If we carefully 
study life histories of individuals who have had much ill health we may 
find that although they had ill health in the city they lived comfortably 
under simple country life conditions. We may come to the conclusion 
that symptoms of ill health must be regarded as warnings from nature to 
be heeded. Formerly it was assumed that “neuralgia is a cry for pure 
blood ;” today we may safely assume that most symptoms of ill health ir 
city people are cries for pure air. 

What distinguishes city from country life? One could quickly make 
a long list of antitheses, beginning with crowding in the city and living 
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in isolation in the country. Many conditions are so extreme that the 
reader has no difficulty in determining where a mention applies: pure 
food, contaminated food; good water, polluted water; pure air, impure 
air; smog clouds overhead, blue sky overhead. 

Crowding, food, water have all for a long time received attention and 
great efforts have been made to improve conditions. But not until re- 
cently have air conditions been given attention. Black smoke clouds re- 
ceive frequent mention in the public press. The dust problem is likewise 
receiving more and more attention—if the people knew to what extent it 
is a factor in producing ill health and disease and death they would soon 
make a determined effort to alter existing conditions. 

What are the effects on a pure air man when he goes into the large 
and dirty city overhung with smog clouds? Dust makes him feel dirty, 
his hands and clothing are soiled; he “blows black’ into his handker- 
chief and spits black; there is more or less free production of mucus, 
followed perhaps by pus formation, and he will speak of having catarrh; 
in attempting to hawk up morning phlegm he may become nauseated and 
even vomit; dust particles reach his lungs and become imbedded, the lung 
becomes black (in old city residents it is coal black, pneumokoniosis) ; 
he experiences all sorts of disagreeable sensations, symptoms of ill health 
so-called, symptoms shade off into affections, minor maladies and disease; 
infective particles are locked up in the lymphatics, forming “kernels” in 
the neck and tumors along the windpipe and in the lungs and these burst- 
ing produce disease and death. The two great dust diseases are tuber- 
culosis and pneumonia, they decimate mankind by thousands and millions. 

Medical men have names for the effects produced by the inhalation 
of different forms of dust: Anthracosis for the effects produced especially 
in coal miners; Byssinosis due to inhaling cotton dust, as in cotton fac- 
tories: Chalicosis, Silicosis and Siderosis are names applied to affections 
in potters, stone masons and iron workers who inhale gritty matter. The 
term Pollenosis is expressive and should come into general use; the name 
indicates a state or condition produced by inhaling pollen, that is in those 
susceptible. 

Kinds of Dust?—There are all kinds of dust, all of varying impor- 
tance in the welfare of man. To the physicist dust is of great importance 
in the matter of light and shade and precipitation; to the tidy house- 


1For a synoptical table of Kinds of Dust an relationship to stages of civiliza- 
tion, see my Presidential Address, Indiana Academy of Science, for 1906, p. 23. 


420 


keeper dust is something to be fought constantly ; the merchant looks upon 
it as something that spoils his goods; the physician looks upon it in the 
light of a producer of ill health and disease. In industrial cities factory 
dusts of many kinds occur and produce so-called industrial diseases. 

A very pernicious kind of dust to which people living massed together 
are exposed is dust containing dried spittle and full of all sorts of in- 
fective matter, infective dust. This is the kind of dust of most importance 
to the student of Coniosis. 

The modern dust problem can be considered from many viewpoints, 
physical, mechanical, economic, sociologic, esthetic, medical, pathologic, 
biologic. 

Biology and pathology are closely related, often it is difficult to de- 
termine what is normal and what is abnormal, or what must be considered 
normal in the light of an abnormal environment. Dusty air produces 
reactions, states or conditions, in living organisms. Is the change adapta- 
tive and biological? Is it degenerative and pathological? We expect a 
tree to grow in the woods but not in the crowded city ; we expect children 
to grow in the country—but many of us doubt their thriving in crowded 
cities. We ask what is abnormal, the child that does not thrive or the 
environment. 

Disease, Ill Health, Symptoms, Reactions to Environment.—Disease 
is a term loosely applied to all sorts of conditions, to all sorts of reac- 
tions of the human body (not to speak of animals and plants), on the 
one hand to the morbid processes induced by the great epidemic diseases 
that kill by the thousands, and, on the other, to mere feelings of discom- 
fort as those attendant on overeating, over-exercising, worry, ete., ete. 
Symptoms and disease and states of ill health are constantly confused, 
and indeed are often very confusing. 

Shall the reaction due to inhaling dust be regarded as a disease or as 
a condition of ill health, or as a reaction to an abnormal or unsanitary 
environment? Shall we regard the effects produced on inhaling dusty air 
as a disease, or as a reaction that can be studied in the light of biology? 
(In answer I may say that several years ago I looked upon the reaction 
as a disease and published a paper based on data then at hand.) 

In this paper I shall consider the subject in the light of a reaction to 
an abnormal environment, as a problem in biology. I shall consider symp- 
toms as warnings from nature. If the warnings are heeded man lives on 
and on; if he does not heed them he perishes. In proportion as man 
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guards or protects himself he survives. One need scarcely consider the 
few individuals, shall we say the survivals of the fittest, able to live under 
filth and filthy air conditions. Fittest does not necessarily mean the best 
—the slums of cities do not represent civilization, neither do backward 
cities represent the Civilization of today. We have not yet reached a stage 
where we look far ahead into the future. We still act upon the principle 
ot letting the future take care of itself. After us the flood. 

ContIosis (Konis, dust; osis, a state or condition) may be defined as a 
peculiar state or condition due to inhalation of dust (dust with more or 
less infection derived from dried spittle); it is a reaction of the body. 
The reaction varies from a mere feeling of discomfort up to decided pain- 
ful sensations, perhaps with a feeling of ill health or threatened sickness. 
Metabolism is more or less disturbed, depending on the amount of reaction; 
there is deviation in temperature; the sensory organs and the sensoriuin 
are more or less affected, likewise the circulatory and excretory systems, 
with variations in the secretion of gastric juices. Pain may be localized 
in old injuries or weak parts of the body. The severity of the reaction 
depends on the amount of exposure. The reaction may last a few hours 
or indefinitely under continued exposure.’ 

In attempting to define the term Coniosis one feels himself in the 
position of the physician in court when asked to define insanity: he may 
very well know what it means and to whom to apply the term when mak- 
ing an insanity inquest—but to make a definition that will be satisfactory 
to a quibbling lawyer is a difficult matter. The definition of Coniosis 
(which the general practitioner of medicine may regard as ill health) 
niay not be satisfactory to the student of specific diseases, there will be 
quibbling. 

If a man wants to know why it is difficult to make a good definition 
of insanity he should spend a few months among the insane. If he wants 
to know why it is difficult to define Coniosis or dust infection he shouid 
carefully observe a number of dust victims. (A man may even study him- 
self, how he reacts under good and bad air conditions.) 

; 1JIn a paper on Atypical Cases and Dust Infection (American Medicine, 1 Oct., 
1904) I used the following definition: F 

“Tt is characterized clinically by an irritation of mucous membranes; vague 
wandering pains throughout the body, mostly referable to the muscles or ligaments ; 
lassitude, headache, feverishness and anorexia, up to vomiting, marked nervous dis- 
turbance, and severe localized pain. The manifestations may vary considerably in 
different individuals, and the symptoms may be wholly subjective. It is often fol- 


lowed by other, specific, diseases.” 
At that time I had assumed that the term Coniosis was preoccupied. 
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Here is an illustration which I at times use in discussions with dust 
victims. 

A man becomes the possessor of an automobile, he learns how to run 
it but knows little or nothing about its internal arrangements. On the 
read the machine begins to run badly, he knows there is something wrong 
but can not locate the trouble; he may or may not make an attempt 
to learn what is wrong; he may conclude to run the machine as long 
as possible and then turn it over to a master-mechanic to have the 
difficulty corrected. He may be sufficiently interested to learn about the 
“internal anatomy and physiology” of his machine and just what to do 
the next time there is trouble, indeed knowing the nature of the machine 
he may look it over at short intervals to avoid trouble on the road. Shall 
we say that dust in the carbureter is a frequent cause of trouble? 

Any one who has ridden with an experienced and with an inexperi- 
enced automobilist will appreciate this illustration: He probably noticed 
the direct method of the one in looking for the source of difficulty on the 
merest indication of abnormal working of the machinery, and he can not 
avoid noting the utter helplessness of the inexperienced man when his 
machine balks; the latter usually does more harm than good in his bung- 
ling with wrench and hammer trying to make the machine go. 

A dust victim may be regarded as a machine that becomes clogged 
with dust. Dust interferes in some way with the proper working of the 
machinery, in time the machine may refuse to run. Like the automobilist, 
he may in time learn much about the significance of symptoms, of warn- 
ings that something is wrong, and he avoids breakdowns, attacks of ill 
health and disease. 

Dusr Vicrims.—Individuals who react more or less markedly to dust 
nay be regarded as dust victims. In studying a large number of such 
one can make a composite description of the effects of inhaling dust, of 
Coniosis as defined above—but in proportion as a brief composite descrip- 
tion includes many individuals it must be more or less vague. 

An individual as a rule reacts very much the same each time under 
similar exposure. Individual reactions however may differ greatly, so 
much so that one ean speak of types.’ 

1In 1904 I described several types of dust victims, as far as I then under- 
stood the subject. Since then I have been gathering more data, more case reports, 
but I am not yet in a position to bring together all my data for a complete state- 


ment. This paper, like all others, must be regarded as provisional, subject to 
changes and corrections. 


It needs scarccly be added that nature makes transitions and natural- 
ists make divisions, and that divisions overlap. A reaction of the body 
may become so marked that we speak of the presence of disease. More- 
oyer some organ or part of the body may be weakened and here the first 
evidences of abnormal functioning, or ill health or disease, may appear. 

TYPES OF CoNIOSIS oR Dust INFECTION.—Coniosis can be considered as 
an entity. It shades off on the one hand into health and on the other into 
disease. By studying a large number of “dust victims” one can distinguish 
certain more or less well-defined types or varieties, briefly characterized 
about as follows: 

Respiratory Type: This type manifests itself mainly by symptoms 
er conditions that we commonly regard as colds and catarrh; in more ad- 
vanced cases with more or less active inflammation by affections with all 
sorts of names, rhinitis, pharyngitis, laryngitis, tracheitis, bronchitis, pul- 
monitis. (Often there is much adventive tissue in the upper air passages 
—adenoids, hypertrophied tonsils, etc; removal of such tissues may greatly 
benefit. ) 

Peripheral Type: This is marked by the appearance of more or less 
ill defined pains and aches, at times by acute pains, especially at the site 
of an old injury. The pain is variously referred to as rheumatic or neu- 
ralgic. Pain may occur in any part of the body but may be localized in 
the arm or leg or toe or in the head or chest. (So-called living barome- 
ters are often dust victims who react acutely to dust influences.) 

Alimentary Tract Type: Under such a head may be grouped indi- 
viduals with more or less marked digestive tract disturbances, notably by 
conditions commonly regarded as dyspepsia and constipation. In some 
there is an excess, in others a deficiency of hydrochloric acid; mucus may 
be greatiy in excess. (In studying the life histories of individuals one 
Iuay find that what at first was an excess of free H Cl in time becomes 
a deficiency, there may even be a total absence. So-called laboratory 
examinations become highly important.) Where dust infection manifests 
itself as more or less constant constipation during the closed door season 
attention to diet, to exercise and the use of a proper laxative become 
imperative. (The best laxative and the best tonic or alterative is pure 
air—something many can not afford.) 

Nervous Type: Here one can distinguish between nervous and men- 
tal symptoms. The importance of symptoms is largely dependent on the 
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life an individual leads. The brain worker may be disabled by symptoms 
that might not be at all noticed by a common manual laborer. A headache 
disables the one, a backache the other. 

The nervous type is difficult to define briefly, but if we will keep in 
mind the average individual who is called ‘neurasthenic”’ or “hysterice” or 
as being “imaginary ill’ we will have some idea of what is meant. It is 
sometimes said that “the complaints of the neurasthenie are innumerable,” 
but they are enumerable, and they are preventable in perhaps nine-tenths 
of the cases that ordinarily come before the physician. (All some people 
leed is good air—but what patients usually want is medicine that will 
enable them to continue life under the old environment.) 

Psychic Type: Some individuals react mentally, especially to the air 
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of crowds. Dull school children are often dust victims. Men are subject 
te moods and humors; they may be agreeable or disagreeable. Perhaps 
all have noticed that there are times when one can think clearly and 
persistently and there are times when thoughts will not come or when 
cne can not reason clearly; this again may largely depend on air condi- 
tions. The reaction may even be so extreme that we speak of insanity. 

Cardio-vascular Type: Here there is more or less marked change in 
heart action and blood pressure, especially an elevation or hypertension, 
this may manifest itself mentally, overlapping the above type. 

Dust victims may be divided into two groups according to the blood 
pressure, whether low or high. The one tends to end in wasting diseases 
like tuberculosis and catarrhal pneumonia and the other by apoplexies, 
paralyses and Bright’s disease. It is necessary to mention these things 
so that the dust victim will take heed in time. (An interesting question 
to the physician is, What preceded an apoplexy? To what extent, for in- 
stance, was something done out of the usual, as riding on an overcrowded 
train or street car, shopping in ill ventilated stores, in short, having been 
exposed to infected dust?) 

Cutaneous type is manifested especially in so-called neuroses of the 
skin, conditions or symptoms at times difficult to explain. 

Genital Type: Here come particularly women who have pelvic dis- 
turbances, both acute and chronic, which interferes more or less with the 
process of reproduction. ‘This type should be considered in the matter of 
race suicide. “Flat life’ is very destructive to human life, all sorts of 
factors must be considered—one rarely considered is the dust factor, 
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Coniosis should be looked upon as a reaction to an abnormal environ- 
meut, rather than as a disease.t It manifests itself by a variety of symp- 
tems all more or less modifiable by the use of drugs, mainly by masking 
them. Although incurable it is readily preventable. 

Coniosis is most prevalent during the closed door season when clean 
or pure air is at a minimum. It may occur in epidemic form in winter, 
at times of a thaw when sidewalk filth is tracked indoors and pulverized 
under foot, as by shoppers. It may also occur in epidemic form at times 
of high winds, when street filth is blown about, as on the approach of 


spring, when nearly everybody complains more or less—and many think 
they need a “spring tonic.” 

Coniosis is prevalent among people in all walks of life. Among poor 
reople to whom life means a constant struggle for existence there is an 
early and constant weeding out on. account of the appearance of well- 
detined diseases that kill. Among the well-to-do many reach old age be- 
cause they are careful but there is more or less constant complaint of ill 
health. Coniosis is not incompatible with long life, that is in those who 
are prudent. The attitude of the poor man, and of those who are heed- 
less, is shown by the old observation of Plato: 

“When a carpenter is ill . . . he expects to receive a draught from 
his doctor, that will expel the disease by vomiting or purging, or else to 
get rid of it by cauterizing, or a surgical operation; but if any one were 
to prescribe to him a long course of diet, and to order bandages for his 
head, with other treatuient to correspond, he would soon tell such a med- 
ical adviser that he had no time to be ill, and that it was not worth his 
while to live in this way, devoting his mind to his malady, and neglecting 
his proper occupation: and then wishing the physician a good morning, 
he would enter upon his usual course of life, and either regain his health 
and live in the performance of his business; or, should his constitution 
prove unable to bear up, death puts an end to his troubles.” 

What the carpenter needs, what the workman needs, is a knowledge of 
the influence of environment, and a knowledge of the limitations of the 
physician in curing ill health and diseases. Much ill health is incurable 


1 The term disease is really an objectionable one because many people at once 
think of a “cure.’”’ The patent medicine man keeps alive the old belief that there 
is a cure for every disease. To simple people all things are simple. As a matter 
of fact the ‘diseases’ of the patent medicine man are mostly symptoms. Many 
people still have an idea that a disease can be ‘knocked out” or ‘‘killed.” 
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but preventable. Proper ventilation prevents much ill health—but if the 
individual asks for it he is apt to be discharged. We here see the value 
of Unions in making a combined demand. 

SyMPTOMS.—Symptoms are usually divided into subjective and ob- 
jective, those that we experience ourselves and those that we observe in 
others. The latter are also called signs. Some signs are discoverable 
only by the use of instruments, or laboratory methods. 

Ordinarily we do not speak of symptoms of health, but we do speak 
of symptoms of ill health, and of course of disease. Indeed, some dis- 
cuses are said to be made up of symptom-complexes or syndromes and are 
diagnosed thereby. 

Symptoms are evidences of abnormal functioning. Symptoms can be 
regarded as warnings that something is wrong. In this volume I am 
speaking of symptoms not as evidences of the presence of disease but as 
an evidence of a reaction due to inhaling dusty air. 

The individual who does not react to his environment is exceptional. 
At the other extreme are the very susceptible, to these a study of mesology 
and ecology may be of advantage. 

Symptoms in great variety occur in Coniosis. Many of the common 
ones accompany the general type, others are more or less limited to the 
special types. Pain, in its widest sense, is a very common symptom. 
Cough is common in the respiratory type; headache is common in the 
nervous type; albuminuria, arrythmia, edema, palpitation in the cardio- 
vascular, etc. I am here making only brief references. Symptoms enable 
us to classify or group. 

Susceprisitiry.—This varies greatly and is determined by a large num- 
ber of factors, such as the phylogenetic history; the ontogenetic history ; 
the place of residence, whether city or country; the amount and intensity 
of the exposure; the air conditions before and after exposure; the state 
cof nutrition, whether over- or underfed; the ability to take a day, a week 
or a month off when not feeling well; etc., etc. The very susceptible indi- 
vidual may really suffer less by living within limitations than the less sus- 
ceptible who is beedless. It needs scarcely be added that an individual 
can largely guard himself against environmental influences but less against 
hereditary tendencies. 

Some individuals who react acutely are constantly watching them- 
selves, are “exceedingly careful,’ and yet if they do not know where the 


427 


danger lies are constantly suffering. A knowledge of Coniosis is of great 
value to them. 

For a man who has long believed he had consumption or was con- 
stantly on the verge of it, or that he had cancer of the stomach, or Bright’s 
disease, or heart disease, not to speak of other diseases and affections, to 
know that he is “only a dust victim,” that his fears are perhaps wholly 
groundless, is certainly a great relief. But the prudent man will take 
care to avoid exposures, knowing that disease may follow an acute attack 
of dust infection, emphasized in the warnings of the patent medicine man, 
“Beware of a cold.” 

At the other extreme is the man in “robust nealth’” who is constantly 
exposed but who, because he does not complain, is assumed not to react. 
Yet he may be reacting all the time, as by gradually developing a high 
blood pressure and then suddenly going to pieces prematurely. 

Coniosis may be looked upon as a “Protean disease” with which the 
general practitioner of medicine is very largely concerned, not to speak of 
people who “doctor” themselves. Perhaps the great majority of the ‘“‘dis- 
eases” for which the patent medicine men advertise their nostrums and 
cure-alls fall within the scope of Coniosis. If we understand that Coniosis 
is a reaction to an abnormal environment, we at once see the uselessness 
of attempting to cure by drugs. Drugs however may palliate—alcohol, 
opium, cocaine, acetanilid are largely interchangeable; all are habit pro- 
ducing drugs. 

When marked symptoms, as of ill health, appear then Coniosis be- 
comes a medical subject 


and then the best advice to a dust victim is to 
seek the services of a competent physician, one who will properly investi- 
gate, if necessary by laboratory methods, and who will discuss findings 
freely. Usually good advice rather than medicine is needed in such cases, 
but we should not forget that drugs may palliate, may modify severe symp- 
toms. (Here is a very practical point: Pay the physician for advice 
rather than for medicine—or in self-defense he will dispense medicine or 
write a prescription for a tonic in order to get his fee. The practice of 
medicine is after all a bread and butter profession. The physician who 
makes time-consuming examinations in competition with symptom-pre- 
scribers often has difficulty in maintaining himself.) 

RESULTS oF HXposuRE.—What constitutes an exposure? This is a mat- 
ter in which personal experience largely enters; each must learn for him- 
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self how much or how little he can bear. Exposure to extremely bad air 
conditions, aS going to a political meeting with spitters all about or riding 
in a dirty car, may bring on a prompt reaction, or the reaction may appear 
under continued exposure to relatively good air. 

Since infected dust is a variable quantity there is more or less danger 
of complications and Coniosis proper may ultimately develop into what 
the physician regards as disease and perhaps well-defined specific disease. 

CONIOSIS ys. DISEASE.—It seems a trait of human nature that the mo- 
ment a name is given to a thing or a phenomenon the mind is satisfied and 
makes no further inquiry, except the scientific mind. The physician con- 
stantly sees this in dealing with his patients. What is the matter? he 
will be asked by his patient, who often enough has his own diagnosis and 
merely comes for a “little medicine.” If told he has a cold, or bronchitis 
or rheumatism, or stomach trouble, or heart or kidney trouble, ete., he 
usually asks no further, still more rarely about causes. If he does ask 
about the cause or causes and is told his trouble is due to “cold” he 
thinks he understands and rarely indeed asks further. And yet the physi- 
cian has great difficulty in defining a “cold,” just as he has difficulty in 
defining nearly all the names current among the people or used in patent 
medicine advertisements. 

As long as we look upon every reaction of the body as a disease, or 
that a certain combination of symptoms constitutes a disease, the average 
individual will make no effort to find the reason why he is not feeling 
well, nor will he make any radical attempts to get well. There are not 
lacking those who deny there is such a thing as disease, that it is all 
imaginary; they must be taught that just as there is a reaction when th> 
hand is put into hot water or when irritating smoke is inhaled, so there 
will be a reaction on inhaling dust. Perhaps we had best not speak of 
disease at all, only of a reaction, and that this reaction moreover depends 
on what may be called individual susceptibility, varying from slight to 
marked. When the subject is once understood each one can determine for 
himself to what extent he is susceptible; a good physician will help him, 
especially to rule out other reactions, so-called diseases. 

Some individuals or patients must be kept under observation for som> 
time before a physician will venture on a diagnosis, some constantly 
“fight for time.” Diseases that can be readily and accurately diagnosed 
and about which the opinions of different men wil] not vary greatly are 
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comparatively few. States of ill health where no accurate diagnosis can 
be made are many. Some physicians hesitate to make a diagnosis when 
they know the patient has already had a variety of diagnoses and likely 
will receive more after leaving him. Some “cases” are as easy to “treat” 
as they are difficult to diagnose. Physicians have an old saying, Any one 
can prescribe, the difficulty consists in making a proper diagnosis. 

It should be kept in mind that Medicine like everything else is an 
evolution and that it has not yet reached a stage where it can properly 
classify the things with which it deals—with reactions and states of the 
body variously termed disease, maladies, affections, symptoms. Much is 
still to be learned about the common ills of the common people. 

Primitive Medicine included all the sciences, as knowledge developed 
sciences crystalized out and each pursued an independent course; some 
have now little connection with Medicine proper. We need only think of 
chemistry, as an outgrowth of alchemy, and the search for the elixir of 
life and the transmutation of metals, or of the herbalist changing into a 
botanist and more recently into a bacteriologist concerned with microscopic 
plants. In short, sciences formerly studied by medical men have now 
developed to such an extent that the practitioner of medicine can not ac- 
quire more than a smattering knowledge of them; and that means in pro- 
portion as men specialize they must limit their field of work. A specialist 
in one department of Medicine may scarcely know what is going on in 
other departments. 

There are topics that are of interest to all, such as the life conditions 
under which we live and the search for the favorable ones and avoidance 
of the unfavorable. Favorable conditions tend to what we call health, 
unfavorable ones to ill health, disease and death. Extinction may come 
suddenly or slowly; it may not appear for several generations—in what 
is called race suicide. 

DIFFERENTIAL D1AGNosis.—Just where reactions, or symptoms shade off 
into disease is often difficult to determine, in fact is impossible because 
there is no exact definition of the very term disease.t. In order to diag- 
nose Coniosis properly one must rule out other more or less related condi- 
tions, especially diseases, socalled. For the purposes of this paper it may 


1 Diseases themselves are variously classifiable. A common division is into 
parasitic (due to invasion of parasites of all kinds) and constitutional (due to de- 
fects in the body, congenital or acquired). Another general classification is struc- 
tural and functional. 
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suffice to divide the latter into three groups: 1. Diseases proper, due to 
specific or definite pathogenic causes; they are as a rule self-limited and 
run a more or less well-defined course. 2. Diseases due to alteration in 
structure and usually incurable when once fully established; some are 
favorably influenced by surgical procedures. 3. Diseases due to altera- 
tion in function or temporarily altered functioning, more or less prevent- 
able or modifiable. 

1. Specific Discases, those due to definite causes, as pathogenic micro- 
organisms. The reaction of the body in its efforts to rid itself of the 
enemy is manifested by signs and symptoms, and the syndrome or symp- 
tom-complex is designated as disease, in other words, diseases are made 
up of symptoms. In the absence of symptoms one would scarcely speak 
of the presence of disease (although a disease may exist and not manifest 
itself for a long time). Nosologists are attempting to classify diseases by 
their causes, but so far only a good beginning has been made; much work 
remains to be done. 

To make full statements regarding the diseases of our State would 
require the possession of data difficult if not impossible to obtain. The 
proper method of studying the specific diseases of a country would be to 
consider them in the crder of their appearance and how they dominated 
other diseases and prevalent ill health. Here I can only briefly refer to 
a few diseases. 

Malaria. This disease or its cause came early. Formerly our State 
was very “unhealthy” on account of the presence of malaria. It domi- 
nated everything. With the clearing up of wet places where mosquitoes 
breed and by the free use of quinine malaria has practically disappeared. 

Malarial fever is to be ruled out in dust infection. Many physicians 
still suspect a “malarial element” in many cases of common ill health, at 
times referred to as a “touch of malaria.’ True malaria yields readily 
tc quinine in sufficient dosage, dust infection not. 

Physicians are accustomed to speak of another form of malaria. Lo- 
‘ally we have the name False Malaria. It is not dependent on the plas- 
modium malariz nor is it transmitted by the bite of mosquitoes; it is 
transmitted through infected dust. It is, in short, dust infection or Coni- 
SiS, 

Some writers believe that the civilization of ancient Greece and Rome 
passed away on account of the presence of malarial fever, in altering 
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wan’s environment to such an extent that he could no longer flourish. 
Malaria literally means bad air, but in the case of malarial fever we know 
that this is really not true. Regarding the air conditions of our cities we 
can properly speak of mal-aria. We can even speculate to what extent 
bad air is a factor in destroying our own civilization, shall we say by 
killing off the desirable and leaving the city to the undesirable? 

Tuberculosis: This is the great indoor air disease which is actively 
weeding out those not adapted to city life or to life indoors under bad 
air. Individuals whose ancestors have long been exposed to the ravages 
of tuberculosis are largely immune, succumbing only when conditions are 
vuhusually bad or prolonged. It is well known that the descendants of 
European ghetto Jews are largely immune while Russian rural Jews are 
not. The descendants of southern mountaineers are very susceptible. 
Phthisophobiacs are often dust victims whose fears can be allayed. 

Pneumonia is another great indoor disease, now ranking with tuber- 
culosis. It is a disease of the wellfed rather than of the poor. Individuals 
subject to high blood pressure seem especially prone to pneumonia. An 
acute “cold” (dust infection) may terminate in pneumonia. 

Influenza is a disease that appears periodically, after an interval of 
years, and attacks practically everybody. After a pandemic subsides there 
Imay be sporadic cases for a short time. Cases of “grip” after the sub- 
sidence of epidemic influenza are usually cases of dust infection. Influ- 
enza manifests itself by several quite well marked types, indeed, the simil- 
arity to dust infection is quite marked. The best treatment for Influenza, 
in reducing the number and severity of symptoms to a ‘minimum and 
avoiding a fatal termination, is the pure air treatment. 

This enumeration of specific diseases can not be continued but there 
should at least be a mention of Cancer. 

Cancer: Although the active cause of cancer is still unknown it is 
regarded as a definite or specific disease, running a more or less well- 
defined course, usually fatal in a short time. Cancer in its various forms 
er kinds is to be ruled out, especially in dust victims of the alimentary 
tract type; to do that properly requires the use of laboratory facilities. 

2. Diseases Due to Alteration in Structure, to enlargement or atro- 
phy, to altered innervation or imperfect nutrition or circulation, to the 
presence of scar tissue, to adhesions, ete. This condition is often due to 
injury or to the presence of disease which produced alteration, with an 
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alteration in function. But the altered functioning of an organ may be 
perfectly natural for such an altered organ, it could not be otherwise. 
The presence of an acute disease may so modify “the normal action of an 
abnormal organ” that at first sight a case may seem very mystifying— 
hence the need of studying an individual not alone when complaining but 
when in apparent health. A good family physician in time learns much 
about his patient and knows just what to do in case of an acute disturb- 
ance. 

Alterations in organs and tissues are very common in people much 
exposed to infective matter, especially in the air they inhale. There may 
be at first mere irritation, followed by active inflammation and then scar 
tissue. In proportion as there is scar tissue there is alteration of fune- 
tion, finally reaching a stage where well marked symptoms appear. Whether 
to speak of disease or reaction is often a matter of doubt; one may not 
be able to decide until the reaction has ceased or the pathological process 
has run its course. (One is reminded of “How to distinguish mushrooms 
from toadstools.” ) 

If one were to enumerate systematically the diseases, maladies, or 
affections to be ruled out in dust victims, one would have to begin at the 
pose and mouth where the inhaled infection first shows its effects. 

Infection reaching the sense organs may produce all sorts of disturb- 
ances, acute and chronic, as impairment of abolition of the sense of smell 
and taste, or impaired hearing and sight. 

A host of affections or ‘diseases’ of the respiratory system would 
have to be considered, such as rhinitis, laryngitis, tonsilitis, tracheitis, 
bronchitis, pulmonitis, ete. 

Infection may travel down the esophagus with the production of con- 
ditions designated as pharyngitis, esophagitis, gastritis of many varieties, 
“snd intestinal disturbances in variety, one marked form being attended 
with the production of large quantities of mucus. 

Here I can not consider the influence on other and distant organs, the 
kidneys for instance, or the nervous system. 

3. Diseases Due to Altered Functioning, more or less transient, and 
more or less bound up with conditions described above. Here might be 
cited a number of conditions that can not properly be called diseases at 
all—such as the more or less transient effect of much or too little food ; 
the use of too much or too little fluid; or foods that produce a reaction, 
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perhaps an intoxication; the excessive use of condiments; the influence 
ot heat or cold, ete. To what extent to speak of diseases, of symptoms 
or of reactions is at times a difficult matter to determine, there are no 
hard and fast lines, no more than between species, subspecies and varieties. 
Opinions vary. 


What is in dust that produces the condition described as Coniosis? 
This is really a question for the pathologist and bacteriologist, for men 
who study causes. For our present purposes all we need to know is that 
there is something to which the body reacts. In illustration might be 
mentioned malaria: all we need to know to protect ourselves from ma- 
laria is to keep from being bitten by the mosquito which transmits the 
disease, and indeed we heed not fear its bite at all if there is no malaria 
about. We know what the active cause of malaria is but in the case of 
Yellow Fever transmitted by another species of mosquito we do not know, 
and yet keeping the mosquito under control and ayoiding being bitten 
means to prevent the ravages of Yellow Fever. 

In the case of Coniosis as defined above we need only consider kinds 
cf dust, whether in part it came from man, particularly expectoration 
and whether sterilized by age or sunlight. The inhalation of country 
dust may be disagreeable but it is not the kind of dust that produces 
Coniosis. We at once see that infected dust is very common in backward 
cities, less in clean cities and wholly absent in the isolated country. 

We see an analogy in pollenosis or hay-fever. This occurs where the 
pollen of certain plants abounds. The hay-fever victim no longer expects 
to be cured by the use of drugs; he knows that he will feel miserable as 
long as he is exposed to the particular pollen to which he reacts. To get 
relief, he “changes climate;” he goes where the air is free from this irri- 
tating dust—just as people who are educated regarding Coniosis will also 
make a change. 

“Precolds”’ under exposure to “exciting causes’ result in “colds.” 
Colds are commonly although not necessarily always attacks of Dust In- 
fection. 

To what extent the body protects itself and to what extent man 
makes an effort to protect himself are very practical questions, but they 
can not be considered in this brief abstract. People are often “exceed- 
ingly careful’ in their attempts to avoid ill health and sickness, but not 
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knowing where the real danger lies they are overcareful along some lines 
and not sufficiently so in others. Some must consider the dust factor in 
order to survive. 

Dust victims and observant people generally often have a stock of 
unformulated knowledge (obtained through bitter experience) that is of 
niore value to them than the advice and medicine of the young physician 
who in college is taught about diseases but little or nothing about the 
common ills of the common people. The physician like everybody else 
learns much in the school of practical experience, and he often learns 
from old chronics, if he gains their confidence. Related data may be 
formulated by comparing the experiences of many. Often all sorts of 
apparently isolated facts are explainable by a theory. 

Individuals who are designated as “old chronics” often have “tried 
everything’ and being still uncured have lost faith in drugs and in the 
science (or should I say art?) of Medicine. A physician may induce some 
to look upon their ill health in a new light. Some readily take up with 
the idea or theory of Coniosis—to them it may become a working theory, 
a guide that enables them to reduce symptoms to a minimum.~° Coniosis 
moreover is a subject that can be studied by any one, no medical education 
is necessary although desirable. It is moreover a study that should be 
taught in a practical manner in the schools, not as mere book learning. 

Like all theories relating to complex biological problems the theory 
of Coniosis should not be applied too rigidly, for the case under considera- 
tion may be wholly exceptional. The practitioner of medicine must con- 
stantly bear in mind that he is dealing with fellow-creatures who have 
wants and needs; he must consider all sorts of causes and factors. 

There are any number of problems regarding dust influences that still 
seek solution. The dust victim who will study himself and keep a record 
of himself and his varying surroundings can greatly assist his physician, 
and if he perchance has a physician who is not a student he may deem it 
advisable to make a change; he may even conclude to go to a community 
where people expect more from physicians than merely handing out medi- 
cine. 

The question, What makes dust dangerous, what is the noxious mat- 
ter? is a problem that is beyond the scope of the ordinary physician. It 
requires laboratory facilities and unbounded time. The need for a special 
institution for studying details is imperative. 
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WHAT THE THEORY OF CONIOSIS HxPLAINS.—In the light of present data 
the following statements seem justified: 

Coniosis explains many cases of common ill health, cases that can not 
be definitely diagnosed as disease, cases about which differences of opinion 
among doctors are proverbial. : 

It explains the prevalence of our “Triad of National Diseases” 


ca- 
tarrh, dyspepsia and nervous prostration. 

It explains why much of the “prevalent ill health” is incurable, but 
preventable. 

It explains why there is a seemingly endless succession of nostrums 
advertised in the newspapers and medical journals; all may have some 
merit in palliating symptoms—but as to curing that is another question. 

It explains the prevalence of patent medicine advertisements and 
their seasonal variation. 

It explains why our nation is a land of fads in medicine and quack 
remedies (mainly because we tolerate the chewer and spitter). 

It largely explains the discrepancy of opinion between city and country 
doctors regarding typical and atypical cases. 

It explains the ordinary ills of the schoo] child and the seasonal] 
prevalence of some specific diseases. 

It explains the “degeneration” of school children and the supposed 
influence of “overwork.” (Usually there is an overworking of the de- 
fences of the body.) 

It largely explains why poor people who must work under crowded 
conditions perish prematurely and why old chronics able to take care of 
themselves live on indefinitely. 

It explains why many foreigners fail in our cities, some physically. 
others mentally. (Immigrants not adapted to city life should be encour- 
aged to settle in the country and not in cities and certainly not in slums.) 

It expiains the prevalence of tuberculosis in low pressure individuals 
and of heart and kidney diseases in high pressure individuals. 

Coniosis gives a clew to the chronic ill health of men and women 
whose biographies are full of references to ill health. 

It puts a new interpretation on the old saying, Acquire an incurable 
disease and live long. 

It teaches us to make sharp distinctions (or attempt to do so) be- 
tween symptoms or ill health and real diseases. 


436 


It shows the need for “case reports’ extending over years and not 
mierely over a few weeks or a few months. 

It shows why many people need good advice rather than a “little 
medicine.” 

It shows the value of a seventh day of rest and of an occasional 
vacation and an annual vacation in the country. 

It shows why hospitals should be located in the suburbs rather than 
in the heart of large cities. 

It teaches why many of the common ills or symptoms are to be looked 
upon as blessings in disguise—as warnings to be heeded. 

It puts a different interpretation on the old saying, A sound mind in 
a sound body. 

It shows the need of full co-operation between patient and physician 
and that free discussion is necessary to arrive at the truth. 

This list could be extended indefinitely. Perhaps needless to say it 
takes time to go over accumulated data and digest facts and draw con- 
clusions. 

General sanitation is the duty of the community and of the State but 
there will always be problems that are purely personal. Every one should 
have sufficient education to properly choose a private medical adviser. 
The family physician still has a place in our civilization. He must “super- 
vise health” and advise his patients how to prevent ill health and diease. 
In the case of actual disease he may be able to direct his patient to the 
proper specialist, and he must constantly stand between his patient and 
the operator. 

The theory of Coniosis allays the fears of specific diseases and on the 
other hand it creates a pure air conscience. <A sensible man does not 
become an alarmist. 

The mere ability to live under bad air conditions, to tolerate, is not 
synonymous with adjustment or adaptation. A “return to the simple life” 
‘an scarcely be considered a remedy; few care to return to such a life 
after having lived a complex city life. The proper remedy is to make the 
city sanitary. 

Although sanitary science has markedly decreased the prevalence of 
many specific diseases, the decrease of common ill health is less noticeable. 
We must distinguish between individual and communal effort; some com- 
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munities are backward and some individuals are heedless. (Shall we go 
a step further and say our cities will not be properly cleaned until women 
ure given a voice in the management of municipal affairs?) 

Coniosis needs to be taught, it should be taught in the schools. It 
shows why schools should be located under sanitary surroundings and 
why cities should clean up and keep clean. 
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*TaeE REGENERATED SCALES OF KuNDULUS HETEROCLITUUS LINNE’ 
WITH A PRELIMINARY NOTE ON THEIR FORMATION. 


By WILL Scort. 


The work of Hoffbauer, ’99, on the scales of the carp established the 
fact that, up to the third year, the age of this fish could be determined by 
the sculpture of the scales. Johnston ’05-~08-10 has shown that not only 
can the age of the salmon be determined by the sculpture of the scale, but 
the emigration of the young salmon (parr) from river to sea and each 
return to spawn of the sexually mature leave an indelible mark upon the 
scale. These marks have been rendered perfectly intelligible by the work 
cf Johnston and that of his associates on the Scottish fisheries board. 

Hutton, °10, in working on the scales of the Wye River salmon ob- 
served, occasionally, scales quite different from the normal ones and sug- 
gested that these scales might be the result of regeneration. If this sug- 
gestion be true then it would be possible, by scale examination, to deter- 
mine the wounds received by and, in a general way, the hazards encount- 
ered by any individual. To add this additional index to the life history of 
a fish these experiments concerning the regenerated scale were performed. 

The Ixillifish, Fundulus heteroclitus Linne, was selected for the experi- 
ment because of its abundance and its well known hardiness. Many fish 
of this species, at this season of the year (Aug.), were infected with a 
sporozoan parasite. This infection proved fatal in most Cases, conse- 
quently great care had to be exercised in selecting material. The opera- 
tion consisted in the removal of about six rows of scales from the left 
side between the posterior end of the dorsal fin and the anal fin. The 
fish were covered with clean cheese cloth which was kept wet with sea 
water; only a small area was exposed at any one time. The scales were 
lifted from their pockets with a scalpel, care being taken not to injure 
the inner wall of the pocket. If the circulatory system was injured in any 
noticeable degree sporozoan infection occurre4. 


1The work was done while acting as scientific assistant in the laboratory of 
the U. S. Fish Com. at Woods Hole, Mass., and is published with the permission 
of the Hon. Geo. M. Bowers, Commissioner of Fisheries. 
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B 


Plate I. Comparing (A) normal and (B) regenerated scale 
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Series A. On August 3, twenty-one fish varying from 91 m.m. to 114 
m.m. were operated on and placed in tank A, in running sea water. The 
scales shown in plate II were all taken from this series. No fish from 


this series were lost during the experiment. 


Plate II. Showing the process of differentiation in regenerating scales. All operations 
were performed on Aug.3. Numbers in lower right hand corner indicate the day of the 
month on which the fish were killed. 


- 


Series B. August 3, twelve fish varying from 72 m.m. to 86 m.m. were 
operated on and placed in tank B. In this series two individuals were lost, 
one by sporozoan infection and one by being accidentally caught in the 
eutlet of the tank. 

Series C. On August 4, five fish were totally denuded of scales ex- 


cept a few accidentally left around the base of the fins, It was very 
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Plate III. Indicating that age and degree of injury do not influence differentiation in the re 
generation of fish scales. (A) from the largest fish, 114 m.m. (B) from the smallest, 72 m.m. (C) 
from one of the fish in series C which were entirely denuded of scales. 
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difficult to remove so many scales without injuring the skin. Two fish 
suffered slight punctures in the operation and died of sporozoan infection 
two days later. The other three lived until the close of the experiment 

The scales regenerated to almost their normal size in twenty-five days. 
The rate will probably be found to vary in different species of fish. I was 
unable to dissect out the scales before the sixth day after the operation. 
On this date the scales were very thin and fragile; the cycloid sculpture 
was developed to the extent of three irregular yet fairly distinct lines 
which surrounded a relatively large unsculptured area. 

The radiate sculpture which the normal scales of this fish have on 
their inner ends could not be detected on the sixth day. Faint traces of 
it appeared on the eighth and tenth days and by the twelfth it was very 
evident. From the twelfth day the sculpture developed as it does on the 
periphera of a normal scale except that the lines of the cycloid sculpture 
were slightly farther apart. 

Seales from the largest of series A, 114 m.m., the smallest in series 
B, 72 m.m., and one of the fish that had all its scales removed are figured 
in plate III. These show no marked difference in the differentiation, indi- 
cating that age and degree of injury do not influence the process to any 
great extent, if at all. 

It may be noted that no fatalities occurred which were referable to 
the osmotic pressure of the sea water. This fact is in direct opposition 
to the findings of Garrey, ’05, but corroborates in part those of Sumner, 
‘06, who repeated and extended the work of Garrey. The results may be 
harmonized by assuming that sporozoan infection occurred in Garrey’s 
experiments of which he took no account. The histological study of this 
process has not yet been completed. 


Garrey, W. BH. 
705. The osmotic pressure of sea water and the blood of marine ani- 
mals. Biol. Bull. Vol. VIII, No. 4. 


Hoffbauer, —. 

99. Die Altersbestimmung des Karpen an seiner Schuppe. Jahres- 
berichte des Schlesischen Fischerei-Verein. 
Hutton, J. Arthur. 

710. Salmon scale examination and its practical utility, with notes 
on Wye salmon fisheries and the photography of the scales. Sherratt and 
Hughes, London. 
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Johnston, H. W. 
°05. The scales of salmon as indicative of age, growth and spawning 
habit. 26th Rep. Scot. Fish. Bd. Pt. II, App. II. 
OS. The scales of salmon. 26th Rep. Scot. Fish. Bd. Pt. II, App. III. 
10. The scales of salmon. 28th Rep. Scot. Fish. Bd. Pt, II, App. III. 


Sumner, P. B. 
*06. The physiological effects upon fishes of changes in density and 
salinity of water. Bull. U. S. Fish. Com., Vol. XXV. 
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A CATALOGUE OF SCIENTIFIC PERIODICAL LITERATURE ON FILE IN 
VARIOUS LIBRARIES OF THE STATE.* 


ComPiItED By Howarp J. BANKER AND WILL Scort. 


Abbreviations used— 
Bold faced figures = number of volume. 
+ after volume number = all succeeding numbers on file and current 
numbers received. 
Indices = numbers of an incomplete volume. Used in Academy list. 
* — incomplete volume. 
o.s. = old series. 
n.S. = new series. 
Roman numerals = series. 
The year (e.g. ’95) = date of volume. Used where volumes are not num- 
bered serially or number of volume was unknown. 
N.D. = Notre Dame. 
W. = Wabash. 
D. = DePauw. 
R.P. = Rose Polytechnic. 
S.N. = State Normal School. 
F. = Franklin. 
-P. = Purdue. 
B. = Butler. 
E. = Earlham. 
Acap. = Indiana Academy exchanges deposited in the State Library at 


i 


Indianapolis. 
I.U. = Indiana University. 


*At the meeting of the Indiana Academy of Science for 1911 the compilers of this catalogue were 
appointed to collect and publish in the proceedings of the Academy a list of the Scientific periodical 
literature on file in the college and university libraries of the State, together with the exchanges of the 
Academy deposited in the Indiana State Library at Indianapolis. The lack of uniformity in the lists 
submitted, the incomplete statement of titles, and the occasional inexact use of the terms ‘‘complete’’ 
and ‘‘current’’ have probably resulted in some errors. This list may be made the basis of a very 


complete and exact catalogue. 
ComMITTEE, 
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CATALOGUE. 


Abhandlungen der K6niglich Preusschen Akademie der Wissenschaften. 
TUS Ts. 

Abstracts of physical papers. P. 3. 

Academia nacional de ciencias. Cordoba, Argentine Republic. Actas. Acap. 
5155. Boletin.. Aca. 7:24 $3.9, 10, 11-4, 12?°* 131, 42, 151-aaie 

Academia de ciencias medicas fisicas y naturales de la Habana, Havana, Cuba. 
Anales. ACAD. 364: 18-21) 24, 

Academie des sciences; Comptes rendus. I.U. 1. 

Academie imperiale des sciences, St. Petersburg, Russia. Bulletins. Acap. 
IV. 3612, V. 1-5, 61-5, 7152, 105, 11-14, 15'-5, 161-8, 22-95. 

Academy of natural sciences of Philadelphia, Pa. Proceedings. N.D. 62+: 
B. ’56—’86, ’88-’93, 95+: Acap. 58+: I.U.1+4. 

Acetylene journal. N.D. ’08—'10. 

Acta mathematica. J.U. 1+. 

Advanced therapeutics. P. 23*, 24*. 

American academy of arts and sciences, Boston. Proceedings. R.P. 1-7, 9-16: 
S.N. 34-37: P. 40*, 41*: Acap. 34+. Memoirs. R.P.n.s. 1-9: P. 13*. 

American academy of medicine. I.U. 6+. 

American anthropologist. I.U. 1+. 

American antiquarian and oriental journal, Chicago, Ill. Acan. 32, 6°, 115, 14°. 

American architect. R.P. 21+. 

American association for the advancement of science. Proceedings. W. 45+: 
R.P. 1-41, 43-55, 59-61: S.N. 1-44: P. 29+: I.U. 1+. 

American botanist, Joliet, Ill. N.D. 15+: D. 1+. 

American chemical journal. N.D. 17+: W. 1+: D. 1+: R.P. 174+: P. 1+: 
B. 8+: E. 39+: I.U. 8+. 

American chemical society. Journal. N.D.’76+*: W. 15, 16, 24+: D. 15+: 
R.P. 154+: P. 14+: JT.U. 28. Review of American chemical research. P. 
’03-’06. Chemical abstracts. N.D. 1+: W. 14+: D. 14: P. 1+. Pro- 
ceedings. I.U. 31+. 

American chemist. W. 1-4: R.P. 1-7. 

American city. P. 1+. 

American druggist. P. 14+. 

American electrician. R.P. 11-17. 

American electro-chemical society. Transactions. P. 1+. 

American ephemeris of materia medica. P. 1-3. 

American engineer. R.P. 9-21. 
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American engineer and railroad journal. R.P. 71+. 

American fern journal. N.D. 710+. 

American forestry, Washington, D. C., (see Conservation). D. 16+: P. 16+. 

American forestry association. Proceedings. P.10*, 12*. 

American forestry congress. Proceedings. P. 4. 

American garden. P. 1-10. 

American gas institute. Proceedings. R.P. 2+. 

American geographical society, New York. Bulletin. S.N. 34+: Acapn. 148, 
157, 165, 171245, 182-5 191-3 291-4; TU. 14. Journal. S.N. 28-33. 
Continued as the Bulletin. 

American geologist (continued as Economic geology q.v.). W. 11-26: S.N. 
12-36: E. 29+: B. 10-24. 

American health. P. 1, 2. 

American homes and gardens (continuation of Scientific American, building 
edition). R.P. 1+. 

American horticulturist. I.U. ’85—’86. 

American institute of the city of New York. Transactions. P. 6. 

American institute of electrical engineers. Proceedings. R.P. 244+. Trans- 
actions... R.P. 20-21, 28, 29. 

American institute of mining engineers. Transactions. R.P. 1+. 

American journal of anatomy. S.N. 14: P.54: I.U. 14. 

American journal of archaeology. D. 1-11; IJ. 14: [.U. 1+. 

American journal of conchology. P. 1-7. 

American journal of diseases of children. I.U. 1+. 

American journal of mathematics, Baltimore, Md. W. 15+: D. 1-16: P. 1+: 
IESWIe ae 

American journal of medical science. I.U. 133+. 

American journal of microscopy and popular science, New York. D. 1, 2: 
R.P. 1-5. 

American journal of pharmacy. R.P. II]. 1-18; IV. 1, 2: P. 54, 55, 58+. 

American journal of physiology, Boston. D. 15-20: S.N. 14: P. 13+: 
T.U. 1+. 

American journal of psychology. S.N. 1+: P. 19+: E. 2-6, 12, 14, 16, 17: 
I.U. 1+. 

American journal of public hygiene. P.n.s. 1+. 

American journal of science. W. 1-150, n.s. 1-28: R.P. 1+: S.N. 100+: P. 
1+: B. ILI. 11-16, 19-50; IV. 1+: E. 274: I.U. 1+. 

American journal of science and arts, New Haven, Conn. D. 10, 11. 


448 


American machinist. R.P. 6+. 

American mathematical monthly. W. 5+: S.N. 4+: P. 1-8, 12+: IU. 1+. 

American mathematical society, New York. Bulletin. W. 8+: D. II. 1-6: 
S.N. 1,34-: P. Pease i. 14. -Pransactions. Pst--7*° 1.02142 

American medical association. Journal. P. 1-3, 9-22, 36, 38,40+*: J.U. 41+. 

American microscopical society, Decatur, Iowa. Transactions. W. 18+: 
D. 30+. 

American midland naturalist, Notre Dame, Ind. N.D. 1, 2. 

American monthly magazine.t N.D. 717, 718. 

American monthly microscopical journal, Washington, D. C. N.D. 1+*: 
D. 1, 10-15, 18-23*: R.P. 1-2: P. 2. ' 

American museum journal. N.D. ’09+. 

American museum of natural history, New York. Bulletins. P. 8: Acap. 
1'-8, Reports. Acap. ’70-’89. 

American naturalist. N.D. 1+: W. 1-34, 36-39, 43+: D. 1-5, 20+: S.N. 1+: 
F, 1-4, 11-18: P. 1-8, 10*, 114: E. 1-4, 7, 40+: B. 1-6, 114+: JI.U. 1+. 

American pharmaceutical association. Bulletin. P. 2+. Proceedings. P. 7, 
10, 14, 15, 32+: I.U.’02+. 

American philosophical society, Philadelphia. Proceedings. R.P. 1744-1838, 
’76-"90: AcaAD. 27-38, 47, 48, 51-156, 158, 197, 199-201. 

American physical education review. I.U.1+. 

American quarterly microscopical journal. R.P. 1-3. 

American society of civil engineers. Transactions. R.P. 438, 44, 60+. 

American society for psychical research. Journal. S.N. 1, 2, 44+. Proceed- 
ings, S.N, 14, 

American society of mechanical engineers. Transactions. R.P. 1+. 

American society for testing materials, Proceedings. R.P. 2-8. 

Analyst. P. 8+: I.U. 1-10. 

Analyst (Math.) continued as Annals of mathematics g.v. P. 1-10. 

Anatomical record. 8.N.5+: P. 1+. 

Anatomischer Anzeiger. B. 13+: I.U. 1+. 

Annalen der Chemie (Liebig). W. 285-350: D. 1+: P. 301+. Supplement. 
D. 1-8. 

Annalen aus dem hirnanatomischer Institute in Ziirick: I.U.1+4. 

Annalen der Physik und Chemie. W. 16+: P. III. 1+: 1.U. 284. Bezblatter. 
P.31+: I.U. 17+. 


{ Contains writings of Rafinesque. 
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Annales de chemie et de physique. N.D.’99-’06: B.’73: I.U. VI. 28, 30; VII. 
2-30, VIII. 1+. 

Annales de geographie. S.N.8+: J.U.7+. 

Annales historico-naturales musei nationalis hungarici, Budapest, Hungary. 
Acap. 1-8. 

Annales de L’ Institute Pasteur. I.U. 20+. 

Annales de paleontologie. I.U.1+. 

Annales des ponts et chaussees. R.P. VI. 15+. 

Annales des sciences naturelles botanique. W. VII. 19, 20; VIII. 2-14. 

Annali di mathematica. I.U. III. 17+. 

Annals of botany, London, Eng. W. 7: D. 1-7, 20+: S.N. 14+: P. 1+: 
T.U. 1+. 

Annals of mathematics, Charlotteville, Va. (see Analyst, math.). W. 1-12, 
fesi-9:) D. 1-6: R.P. 1-4: P. I1.1+4:-1:U.26.8. complete, nisi j-: 

(L) Annee biologique. I.U. 1+. 

(L) Annee psychologique. I.U. 1+. 

Annual record of science and industry. D.’71~73. 

Annual report on the progress of chemistry. B. 5-7. 

Annual of scientific discovery. D. ’50-’62, ’65, 6871. 

Arboriculture. P. 1-8*. 

Arbeiten aus der kaiserlichen Gesundheitsante. I.U. 24+. 

Archiv fiir Anatomie und Physiologie. I.U.’77+. 

Archiy fiir Entwicklungsmechanic der Organismen. I.U. 1+. 

Archiv der Mathematik und Physik. P. 9+: I.U. 1+. 

Archiy fiir die gesammte Physiologie des Menschen und der Thiere. D. 27, 
28: P. 106+: I.U. 14. 

Archiv fiir microscopische Anatomie. I.U. 17+. 

Archiv fiir pathologische anatomie und Physiologie und fiir klinische Medicine. 
I.U. 1+. 

Archiv der Pharmacie. I.U. ’00+. 

Archiy fiir Rassen-und Gesellschaft—Biologie. I.U. 14. 

Archive fiir Schul Hygiene. I.U.1+. 

Archives de Biologie. I.U. 11+. 

Archives de Medicine experimentale. JI.U. 18+. 

Archives de Parasitologie. I.U. 10+. ; 

Archives de Zoologie experimentale. I.U. 9-10. 

Archives of psychology. I.U. 1+. 

Arkansas geological survey. Report. P. 88-92*. 
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Art amateur. R.P. 17-45. 

Asiatic society of Bengal, Calcutta, Benga!. Proceedings. Acap. ’85*~4:5-"®, 
8G) 478, 81-0) 7877-10, (BSL, ORY 2. 2952-68107 Gal" 1 OD 78g. ag eee 
9G=2), 290 O07, 

Association of engineering societies. Journal. R.P. 1+. 

Astronomical journal. W. 13-21: D.74+: I.U. 14. 

Astronomical society of the Pacific. I.U. 1+. 

Astronomiche Gesellschaft. I.U. 1+. 

Astronomische Nachrichten. D. 113-138: I.U. 55-58, 107, 111-118, 121-122, 
124+. 

Astronomy and astro-physics. W. 11-13: D. 11-13. 

Astrophysical journal. W. 1-6, 17+: D.1+: P.7, 19-27, 29+: I.U. 1+. 

Atti Della Reale Academia dei Lincea. I.U. 11+. 

Augustana library publications. P. 4-6. 

Auk, The, Cambridge, Mass. Acan. 26). 

Australian association for the advancement of science, Sydney, Australia. 
Report. Acap. 7-12. 

Belfast natural history and philosophical society, Belfast, Ireland. Report. 
Acap. ’85-’88, ’96—’01, ’04~’06, ’08—’10. 

Berichte der deutschen botanischen Gesellschaft. W. 13-15. 

Berichte der Saechsischen Gesellschaft der Wissenschaften Math. I. U. 68+. 

Berichte der deutschen chemischen Gesellschaft. N.D.’96+: W.1+: D. 7+: 
P. 1+. 

Berliner Klinische Wochenschrift. I.U. 06+. 

Bibliographia physiologica. P.1+: I.U. 1+. 

Bibliographia zoologica. I.U. 1+. 
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Monatshefte fiir mathematik und physik. I.U. 20+. 
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Acap, 716-18; [], 11-3+5+6,9,10 210,11 31-10. TTT yt 2, 


462 


Museo nacional, Mexico City, Mexico. Anales. Acap. 4!°?, 

Museo nacional, Montevideo, Uruguay. Anales. N.D. ’09+: Acap. 2, 3; 
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Natural science, London and New York. D. 1. 
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Naturwissenschaftlicher Verein fir Schwaben und Neuburg, Augsburg, Germany. 
Berichte. Acan. 33-40. 

Nebraska university. Studies. N.D. 10+: P. 1-4*: I.U. 1+. 
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Nevada university. Studies. P.1+. 
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709+: D. 38, 47, 54, 67, 68, 70, 75, 86, 94, 105, 116, 429, 450: P. 40; 49. 
Report. P. 20+*. 

New York state science teachers’ association. Proceedings. S.N.’07+. 
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PVE 25+. 

Photo era. R.P. 6-8, 24+. 

Photographic bulletin, Anthony’s. R.P. ’00*. 
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Popular mechanics. F. 15+. 

Popular science. F. 1-55, 63+. 

Popular science monthly. W.1+: D.1+: R.P.1+: S.N.14: P.1+4: E. 1-12, 
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Psychological clinic. S.N.14+: P. 4+: I.U. 1+. 

Psychological monographs. S.N. 6+: I.U. 1+. 
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Real academia de ciencias y artes, Barcelona, Spain. Boletin. Acap, 1! *°, 
21+3-11, 31-2, Memoirs. ACAD. 3, 412/840, 51-27, G1-33, 71-17, Bi-31, 19), 
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Reale accademia dei Lincei, Rome, Italy. Atl. Acap. 9-20*. 

Registered pharmacist. P. 10, 11*. 

Rediconti del Circolo Mathematico di Palernio. 1I.U. 1+. 

Repertorium novarum specierum. N.D. 1+. 
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Revue des questions scientifiques. N.D. 1+. 
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Revue Philosophique. I.U. 1-42, 49. 

Rose technic. R.P. 1+. 
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Sanitary engineer. See Engineering record. 

Sarawak museum, Sarawak. Journal. Acap. 1*. Report. Acap. 710. 

School of mines quarterly. I.U. 12+. 

School science and mathematics. N.D. 5+: S.N. 1-8, 8+: P. 14: E. 9+: 
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Sociedad cientifica argentina, Buenos Aires, Argentine Republic. Anales. 
Acapb. 45°: 6, 46-72. 
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Société impériale des naturalistes, Moscow, Russia. Bulletins. Acav. 61-62; 
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Torreya. N.D. 9+: D. 1+. 

Trenton natural history society, Trenton, N. J. Journal. Acap. 1'-8, 2), 

Tufts college, Mass. Studies. P. scientific ser. 1+*: AcAp. 1274788, 22,8 31, 
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United States bureau of fish and fisheries. Bulletin. P. 1+. Documents. 
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CONSTITUTION. 


ARTICLE I. 

Section 1. This association shall be called the Indiana Academy of 
Science. Pate len 

Sec. 2. The objects of this Academy shall be scientific research and 
the diffusion of knowledge concerning the varicus departments of science ; 
to promote intercourse between men engaged in scientific work, specially 
in Indiana; to assist by investigation and discussion in developing and 
making known the material, educational and other resources and riches 
of the State; to arrange and prepare for publication such reports of investi- 
gation and discussions as may further the aims and objects of the Academy 
as set forth in these articles. 

WHEREAS, The State has undertaken the publication of such proceed- 
ings, the Academy will, upon request of the Governor, or of one of the sey- 
eral departments of the State, through the Governor, act through its council 
as an advisory body in the direction and execution of any investigation 
within its province as stated. The necessary expenses incurred in the pros- 
ecution of such investigation are to be borne by the State; no pecuniary 
gain is to come to the Academy for its advice or direction of such inyes- 
tigation. 

The regular proceedings of the Academy as published by the State 


shall become a public document. 


ARTICLE II. 

SECTION 1. Members of this Academy shall be honorary fellows, fel- 
lows, non-resident members or active members. 

Sec. 2. Any person engaged in any department of scientific work, or 
in original research in any department of science, shall be eligible to active 
membership. Active members may be annual or life members. Annual 
members may be elected at any meeting of the Academy; they shall sign 
the constitution, pay an admission fee of two dollars and thereafter an 
annual fee of one dollar. Any person who shall at one time contribute 
fifty dollars to the funds of this Academy may be elected a life member of 


the Academy, free of assessment. Non-resident members may be elected 
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from those who have been active members but who have removed from the 
State. In any case, a three-fourths vote of the members present shall elect 
to membership. Applications for membership in any of the foregoing 
classes shall be referred to a committee on application for membership, who 
shall consider such application and report to the Academy before the 
election. 

Sec 5. The members who are actively engaged in scientific work, who 
have recognized standing as scientific men, and who have been members 
of the Academy at least one year, may be recommended for nomination for 
election as fellows by three fellows or members personally acquainted with 
their work and character. Of members so nominated a number not exceed- 
ing five in one year may, on recommendation of the Executive Committee, 
be elected as fellows. At the meeting at which this is adopted, the mem- 
bers of the Executive Committee for 1894 and fifteen others shall be elected 
fellows, and those now honorary members shall become honorary fellows. 
IIonorary fellows may be elected on account of special prominence in 
science, on the written recommendation of two members of the Academy. 


In any case a three-fourths vote of the members present shall elect. 


ARTICLE IIT. 

SecTion |. The officers of this Academy shall be chosen by ballot at 
the annual meeting, and shall hold office one year. They shall consist of a 
Presdent, Vice-President, Secretary, Assistant Secretary, Press Secretary 
and Treasurer, who shall perform the duties usually pertaining to their 
respective offices and in addition, with the ex-presidents of the Academy, 
shall constitute an Executive Committee. The President shall, at each 
annual meeting, appoint two members to be a committee, which shall prepare 
the programs and have charge of the arrangements for all meetings for 
one year. 

Sec. 2. The annual meeting of this Academy shall be held in the city 
of Indianapolis within the week following Christmas of each year, unless 
otherwise ordered by the Executive Committee. There shall also be a sum- 
mer meeting at such time and place as may be decided upon by the Execu- 
tive Committee. Other meetings may be called at the discretion of the 
Executive Committee. The Past Presidents. together with the officers and 
Executive Committee, shall constitute the council of the Academy, and 
represent it in the transaction of any necessary business not especially pro- 


vided for in this constitution, in the interim between general meetings. 


bea | 


Sec. 3. This constitution may be altered or amended at any annual 
meeting by a three-fourths majority of the attending members of at least 
one year’s standing. No question of amendment shall be decided on the 


day of its presentation. 


BY-LAWS. 


1. On motion, any special department of science shall be assigned to 
a curator, whose duty it shall be, with the assistance of the other members 
interested in the same department, to endeavor to advance knowledge in 
that particular department. Each curator shall report at such time and 
place as the Academy shall direct. These reports shall include a brief sum- 
mary of the progress of the department during the year preceding the 
presentation of the report. 

2. The President shall deliver a public address on the morning of one 
of the days of the meeting at the expiration of his term of office. 

3. The Press Secretary shall attend to the securing of proper news- 
paper reports of the meetings and assist the Secretary. 

4. No special meeting of the Academy shall be held without a notice 
of the same having been sent to the address of each member at least fifteen 
days before such meeting. 

5. No bill against the Academy shall be paid without an order signed 
by the President and countersigned by the Secretary. 

G. Members who shall allow their dues to remain unpaid for two 
years, having been annually notified of their arrearage by the Treasurer, 
shall have their names stricken from the roll. 

7. Ten members shall constitute a quorum for the transaction of 


business. 
AN ACT TO PROVIDE FOR THE PUBLICATION OF THE REPORTS 
AND PAPERS OF THE INDIANA ACADEMY OF SCIENCE. 
[Approved March 11, 1895. ] 


WHEREAS, The Indiana Academy of Science, a chartered scientific 
association, has embodied in its constitution a provision that it will, upon 


the request of the Governor, or of the several departments of the State 
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government, through the Governor, and through its council as an advisory 
board, assist in the direction and execution of any investigation within its 
province, without pecuniary gain to the Academy, provided only that the 
necessary expenses of such investigation are borne by the State; and, 

WHEREAS, The reports of the meetings of said Academy, with the sey- 
eral papers read before it, have very great educational, industrial and eco- 
nomic value, and should be preserved in permanent form; and, 

WHEREAS, The Constitution of the State makes it the duty of the 
General Assembly to encourage by all suitable means intellectual, scientific 
and agricultural improvement; therefore, 

Section 1. Be it enacted by the General Assembly of the State of 
Indiana, That hereafter the annual reports of the meetings of the Indiana 
Academy of Science, beginning with the report for the year 1894, including 
all papers of scientific or economic value, presented at such meetings, after 
they shall have been edited and prepared for publication as hereinafter 
provided, shall be published by and under the direction of the Commission- 
ers of Public Printing and Binding. 

Sec. 2. Said reports shall be edited and prepared for publication with- 
out expense to the State, by a corps of editors to be selected and appointed 
by the Indiana Academy of Science, who shall not, by reason of such serv- 
ice, have any claim against the State for compensation. The form, style 
of binding, paper, typography and manner and extent of illustration of 
such reports shall be determined by the editors, subject to the approval of 
the Commissioners of Public Printing and Stationery. Not less than 1,500 
nor more than 3,000 copies of each of said reports shall be published, the 
size of the edition within said limits to be determined by the concurrent 
action of the editors and the Commissioners of Public Printing and Station- 
ery: Provided, That not to exceed six hundred dollars (#600) shall be 
expended for such publication in any one year, and not to extend beyond 
1896: Provided, That no sums shall be deemed to be appropriated for the 
year 1894. 

Sec. 3. All except three hundred copies of each volume of said re- 
ports shall be placed in the custody of the State Librarian, who shall 
furnish one copy thereof to each public library in the State, one copy to 
each university, college or normal school in the State, one copy to each 
high school in the State having a library, which shall make application 


therefor, and one copy to such other institutions, societies or persons as 


may be designated by the Academy through its editors or its council. The 
remaining three hundred copies shall be turned over to the Academy to be 
disposed of as it may determine. In order to provide for the preservation 
ot the same it shall be the duty of the Custodian of the State House to 
provide and place at the disposal of the Academy one of the unoccupied 
rooms of the State House, to be designated as the office of the Academy 
of Science, wherein said copies of said reports belonging to the Academy, 
together with the original manuscripts, drawings, etc., thereof can be safely 
kept, and he shall also equip the same with the necessary shelving and 
furniture. 


Sec. 4. An emergency is hereby declared to exist for the immediate 
taking effect of this act, and it shall therefore take effect and be in force 


from and after its passage. 


APPROPRIATION FOR 1912-1913. 

The appropriation for the publication of the proceedings of the Acad- 
emy during the years 1913 and 1914 was increased by the Legislature in 
the General Appropriation bill, approved March 9, 1909. That portion of 
the law fixing the amount of the appropriation for the Academy is here- 
with given in full: 

For the Academy of Science: For the printing of the proceedings of 
the Indiana Academy of Science, twelve hundred dollars: Provided, That 
any unexpended balance in 1918 shall be available in 1914, and that any 


unexpended balance in 1914 shall be available for 1915. 


AN ACT FOR THH PROTECTION OF BIRDS, THEIR NESTS 
AND EGGS. 

Sec. 602. Whoever kills, traps or has in his possession any wild bird, 
or whoever sells or offers the same for sale, or whoever destroys the nest 
or eggs of any wild bird, shall be deemed guilty of a misdemeanor and 
upon conviction thereof shall be fined not less than ten dollars nor more 
than twenty-five dollars: Provided, That the provisions of this section 
shall not apply to the following named game birds: The Anatidze, com- 
monly calied swans, geese, brant, river and sea duck; the Rallidze, com- 
monly called rails, coots, mud-hens, gallinules; the Limicole, commonly 
called shore birds, surf birds, plover, snipe, woodcock, sandpipers, tattlers 
and curlew; the Gallinse, commonly called wild turkeys, grouse, prairie 


chickens, quails and pheasants; nor to English or Huropean house spar- 
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rows, crows, hawks or other birds of prey. Nor shall this section apply to 
persons taking birds, their nests or eggs, for scientific purposes, under per- 
mit, as provided in the next section. 

Sec. 605. Permits may be granted by the Commissioner of Fisheries 
and Game to any properly accredited person, permitting the holder thereof 
to collect birds, their nests or eggs for strictly scientific purposes. In 
order to obtain such permit the applicant for the same must present to 
such Commissioner written testimonials from two well-known scientific men 
certifying to the good character and fithess of such applicant to be en- 
trusted with such privilege, and pay to such Commissioner one dollar 
therefor and file with him a properly executed bond in the sum of two 
hundred dollars, payable to the State of Indiana, conditioned that he will 
obey the terms of such permit, and signed by at least two responsible citi- 
zens of the State as sureties. The bond may be forfeited, and the permit 
revoked upon proof to the satisfaction of such Commissioner that the 
holder of such permit has killed any bird or taken the nest or eggs of any 


bird for any other purpose than that named in this section, 


PUBLIC OFFENSES—HUNTING WILD BIRDS—PENALTY. 
[Approved March 18, 1913.] 

SecTION 1. Be it enacted by the General Assembly of the State of In- 
diana, That section six (6) of the above entitled act be amended to read 
as follows: Section 6. That section six hundred two (G02) of the above 
entitled act be amended to read as follows: Section GO2. It shall be un- 
lawful for any person to kill, trap or possess any wild bird, or to purchase 
or offer the same for sale, or to destroy the nest or eggs of any wild bird, 
except as otherwise provided in this section. But this section shall not 
apply to the following named game birds: ‘The Anatidse, Commonly called 
swans, geese, brant, river and sea duck; the Rallidse, commonly known as 
rails, coots, mud-hens and gallinules; the Limicolze, commonly known as 
shore birds, plovers, surf birds, snipe, woodcock, sandpipers, tattlers and 
curlews; the Gallinse, commonly called wild turkeys, grouse, prairie chick- 
ens, quails, and pheasants; nor to English or Huropean house sparrows, 
blackbirds, crews, hawks or other birds of prey. Nor shall this section 
apply to any person taking birds or their nests or eggs for scientific pur. 
poses under permit as provided in the next section. Any person violating 
the provisions of this section shall, on conviction, be fined not less than 


ten dollars ($10.00) nor more than fifty dollars ($50.00). 
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MEMBERS*. 


FELLOWS. 


na WDOLE WGeeAG. Glan Oe MOLKSS Ne Alara 7s octarcect cin alo caerene le a cteeeh cater scenes 
Professor of Chemistry, University of North Dakota. 
Chemistry. 

PAU Smee OLN: ees eae OT OTIC eer Gnocchi ais, SRE creas eee eR oe ber RES 1895 
President of University of Maine. 
Mathematics and General Science. 

auderson; ES We. 1 NallissPlace, Crawiordsville, Indi. e206. .sus eee aks ple 


Professor of Botany, Wabash College. 


Botany. 

Andrews, IF. M., (44 BE. Third St., Bloomington, Ind..............-... LOUD 
Assistant Professor of Botany, Indiana University. 
Botany. 

Arthur; Joseph GC.,. 915 Columbia ‘St.,, Lafayette, Inds... 2. nasa. eae 1S94 


Professor of Vegetable Physiology and Pathology, Purdue Uni- 

versity. 

sotany. 
3arnard, H. E., Room 20, State House, Indianapolis, 7nd............ 1910 

Chemist to Indiana State Board of Health. 

Chemistry, Sanitary Science, Pure Foods. 
3eede, Joshua W., cor. Wall and Atwater Sts., Bloomington, Ind...... 1906 

Associate Professor of Geology, Indiana University. 

Stratigraphic Geology, Physiography. 

Benton, George W., 100 Washington Square, New York, N. Y......... 1896 

With the American Book Company. 

* very effort has been made to obtain the correct address and occupation of 
each member, and to learn what line of science he is interested in. The first line 
contains the name and address; the second line the occupation; the third line 
the branch of science in which he is interested. The omission of an address 
indicates that mail addressed to the last printed address was returned as uncalled 
for. Information as to the present address of members so indicated is requested 
by the secretary. The custom of dividing the list of members has been followed, 

7 Date of election. 


+t Non-resident, 


OMAN APATOW ey COOLES pL le a lIN Glee cereitey octets heals, ey aeh eho aletcelanel'e Wisiroensns ces 1897 

Vice-President and Professor of Biology and Geology, Moores [Till 
College. 
3iology and Geology. 

Bittine, Catharine Golden; West lifayette, Ind....-..........-..%.. 1895 
Microscopic Expert, Pure Food, U. S. Department of Agriculture. 
Botany. 

Blacehley, Weos-, bos Parl Ave, Indianapolis; Ind.....5...-....-..-. 1893 
Naturalist. 

Botany, Entomology and Geology. 

Bodine, Donaldson, Four Mills Place, Crawfordsville, Ind............ S99 
Professor of Geology and Zodlogy, Wabash College. 

Entomology and Geology. 

Breeze, Fred J., care American Book Company, New York, \&. Y.... 1910 
With the American Book Company. 

Geography. 

Bruner, Harry Lane, 324 S. Ritter Ave., Indianapolis, Ind............ 1899 
Professor of Biology, Butler College. 

Comparative Anatomy, Zodlogy. 

Burrage, Severance, care Eli Lilly Co., Indianapolis, Ind............ 1898 
Charge of Biological Laboratory, Eli Lilly Co. 
sacteriology, Sanitary Science. 

Butler, Amos W., 52 Downey Ave., Irvington, Ind.................. 1893 
Secretary, Indiana Board of State Charities. 

Vertebrate Zoédlogy, Anthropology, Sociology. 

Cogshall, Wilbur A., 423 S. Fess Ave., Bloomington, Ind............ 1906 
Associate Professor of Astronomy, Indiana University. 

Astronomy and Physics. 

COGkeVIEE TM NeGW. IB EUn Swi Gkel N= tdisvscciAectre secre ao sb ea wa eacc ees a, AOOZ 
Professor of Plant Pathology, Rutgers College. 

Botany, Plant Pathology, Entomology. 

Coulter, John M., care University of Chicago, Chicago, Ill........... 1893 
Head Department of Botany, Chicago University. 

Botany. 

Coulter sStanley..213 8. Ninth St), atayette, Ind. ..2)...-2..4..... 1893 
Dean School of Science, Purdue University. 

Botany, Forestry. 
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Cox Ulysses, Of (2 OF BoxaSla Mercere atelier seein eee eerecie 1908 
Head Department Zodlogy and Botany, Indiana State Normal. 
Botany, Zoology. 

(Cwil pesos, MEd ekweoyere, IhNol ooo adoneboncodoggoameb sence ob one 1899 
Chair Geology, Physics and Astronomy, Hanover College. 


Geology. 
Cumings, Edgar Roscoe, 327 E. Second St., Bloomington, Ind........ 1906 


Professor of Geology, Indiana University. 
Geology, Paleontology. 

Davisson; Schuyler Colfax, Bloomington; Indi. ...5.5..... se osseous 
Professor of Mathematics, Indiana University. 

Mathematics. 

Deam:; Charles Ox SB] iiiton sin dice wetersrt eters ate ars ce catons Oersiensporeitenene 1910 
Druggist. 

Botany. 

OY eel Dato AY Cordoba atc ibenvooi(i pel ht ar es Gea BAGG ods asc lel 
Professor of Biology, Earlham College. 

Biology. 

Dryer, Charles R., 35 Gilbert Ave., Terre Haute, Ind................ 1S97 
Professor of Geography and Geology, Indiana State Normal. 
Geography, Geology. 

Higenmann, Carl H., 680 Atwater St., Bloomington, Ind............. 1893 
Professor Zodlogy, Dean of Graduate School, Indiana University. 
Embryology, Degeneration, Heredity, Evolution and Distribution 

of American Fish. 

Pnders, Howard Edwin, 105 Quiney St., Lafayette, Ind.............. 1912 
Associate Professor of Zodlogy, Purdue University. 

Zoology. 

DVAnS, Feerey ANOLcon, Tatayente, lr scracmictcte cre sve erie tess wiere che Bee one 1901 
Director of Chemical Laboratory, Purdue University. 

Chemistry. 

Holey. Arthur Io, Bloomimeton, (ING). fc euc ccnsece a ctetne tere iccustele tee tenn een 
Head Department of Physics, Indiana University. 

Physics. 

Goldens Wie Jk, Hovkmyecte, slim dis..c, <i erie due wretsporreinertersats Sideda Meier esieeeees 1899 
Director of Laboratories of Practical Mechanics, Purdue Uni- 

versity. 


Mechanics. 


TmGOSS Walliam=Hreeman Me, Wirbamasy Ly ce. ores eines cs see es 1893 
Dean of College of Engineering, University of Illinois. 
Hathaway, Arthur S., 2206 N. Tenth St., Terre Haute, Ind.......... 1895 


Professor of Mathematics, Rose Polytechnic Institute. 


Mathematics, Physics. 


PLC SSI CIO CT pe1Z0 SAIS DOIG a lM Ceirusesesiete) ote ales 2 cic:ee orellocl telersione)e'= sei «coer 1899 
Physician. 
Biology. 

IG yAr Ne LUN GIAM ANOS SIG ek saerecs ciarersieete cree steele aca cuereue cs As 1910 


Secretary, Indiana State Board of Health. 


Sanitary Science, Vital Statistics, Eugenics. 


MUS TOM lle Aee ds a GTM OES IMG aR iirasr ccd areas seis Giefereie (end auelaverels Sunlaye orgie oc 1893 
INCENSE ke Oe States COleren Pale jc cc neers sieicrcusauele sie ceieeralsnl = ere 1912 


Professor of Botany, Pennsylvania State College. 
Botany. 

Lyons, Robert E., 680 EH. Third St., Bloomington, Ind............... 1896 
Head of Department of Chemistry, Indiana University. 

Organic and Biological Chemistry. 

McBeth, William A., 1905 N. Eighth St., Terre Haute, Ind.......... 1904 
Assistant Professor Geography, Indiana State Normal. 

Geography, Geology, Scientific Agriculture. 

PV ESLCLS Vine a SAMblac Or Olin. ieee stoma 6 oh cin neha ciese ence cscs 6 LSOS 

NGS Cele herr ever at term ln Cesc as cparatcne os Scicheusieleierae. ae ein os cle we se) OOF 
President of Rose Polytechnic Institute. 

Se STON TINEA THAI OMYw NS yy LE INTIT OT Os ae eye ere gereye) eats ross uel loleiey sere a. evel.ovareie 1904 
Professor of Mathematics and Astronomy, Swathmore College. 
Astronomy, Mathematics. 

Moenkhaus, William J., 501 Fess Ave., Bloomington, Ind............ 1901 
Professor of Physiology, Indiana University. 

Physiology. 

MOOG mi ChaLrdeb Denver OolOass- een okie eis ooo sees cere 1O05 
With U. S. Bureau of Mines. 

Chemistry, Radio-activity. 

Mottier, David M., 215 Forest Place, Bloomington, Ind.............. 1893 
Professor of Botany, Indiana University. 

Morphology, Cytology. 


2— 33213 


18 


Navlor: Je te GreenGasules Ui it. sc<:cccteue oy aey Setelaeevs eeieree at eke Giskeke 


Professor of Physics, Depauw University. 


Physics, Mathematics. 


PNoOveS= William Alberts (Wimbamas Tlee sx ate cs als au: aiclereh eie.oeroteraees 


Director of Chemical Laboratory, University of Illinois. 


Chemistry. 


Pohlman, Augustus G., 1100 E. Second St., Bloomington, Ind.......... 


Professor of Anatomy, Indiana University. 


Embryology, Comparative Anatomy. 


Ramsey, Rolla R., 615 EH. Third St., Bloomington, Ind........ 


Associate Professor of Physics, Indiana University. 

Physics. 
tansom, James H., - 

Professor of General Chemistry, Purdue University. 


General Chemistry, Organic Chemistry, Teaching. 


Rettger, Louis J., 31 Gilbert Ave., Terre Haute, Ind......... 


Professor of Physiology, Indiana State Normal. 


Animal Physiology. 


RomMrock, (DaAviGuAr. blOoMmIme ton. LNG te. cas. eee iene. beaver aie 


Professor of Mathematics. Indiana University. 
Mathematics. 

Scott, Will, 73 
Assistant Professor of Zodlogy, Indiana University. 


Zoodlogy, Lake Problems. 


Shannon. Oharles. W., INOrman: ORM A as cose ene accosce y denseres eres 


With Oklahoma State Geological Survey. 


Soil Survey, Botany. 


Smith, Albert, 1022 Seventh St., West Lafayette....... 2.1.35... sc-n6 


Professor of Structural Engineering. 


Physics, Mechanics. 


+7Smith, Alexander, care Columbia University, New York, N. 


Head of Department of Chemistry, Columbia University. 


Chemistry. 


Smith, Charles Marquis, 910 S. Ninth St., Lafayette, Ind..... 


Professor of Physics, Purdue University. 


Physics. 


323 University St., West Lafayette, Ind.......... 


Atwater St:., Bloomington, Und: Soc kn ect ome 


1911 


1902 


1S9G6 


1906 


1911 


1912 


SOMemm WATT OD mb misatavieLce, mls amie crrecheis crate siete sels ee ries sc < 1893 
President of Purdue University. 
Chemistry. 

Tis yeni, AOS, Shyeudoaones Ile naan co dena econo cod > pO poo means 1898 


President of Swathmore College. 
Science of Administration. 
Van Hook, James M., 639 N. College Ave., Bloomington, Ind.......... 1911 
Assistant Professor of Botany, Indiana University. 
Botany. 
77 Waldo, Clarence A., care Washington University, St. Louis, Mo.... 1895 
Thayer Professor Mathematics and Applied Mechanics, Washing- 
ton University. 
Mathematics, Mechanics, Geology and Mineralogy. 
PACD StCia whe Mie. Kensie tons Mid, seu cere. cecconeie 6-< cca deine ose \s 1894 
Entomologist, U. S. Department of Agriculture, Washington, D. C. 


Entomology. 
Westlund, Jacob, 439 Salisbury St., West Lafayette, Ind............ 1904 
Professor of Mathematics, Purdue University. 
Mathematics. 
Wiley, Harvey W., Enos Club, Washington, D. C................... 1895 
Professor of Agricultural Chemistry, George Washington Univer- 
_ sity. 
Biological and Agricultural Chemistry. 
Nwioollents William Watson, Indianapolis; Inds. 5: 3. 3..22-65.:-+:-. 1908 
Lawyer. 
Birds and Nature Study. 
Wright, John S., care Eli Lilly Co., Indianapolis, Ind................ 1894 


Manager of Advertising Department, Eli Lilly Co. 
Botany. 


NON-RESIDENT MEMBERS. 


Ashley, George H., Washington, D. C. 
Branner, John Casper, Stanford University, California. 
Vice-President of Stanford University, and Professor of Geology. 


Geology. 
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Brannon, Melvin A., 207 Chestnut St., Grand Forks, N. D. 

Professor of Botany. 
Plant Breeding. 

Campbell, D. H., Standford University, California. 
Professor of Botany, Standford University. 
Botany. 

Clark, Howard Walton, U. S. Biological Station, Fairport, Lowa. 
Scientific Assistant, U. S. Bureau of Fisheries. 

Botany, Zoology. 

Dorner, H. B., Urbana, I)linois. 

Assistant Professor of Floriculture. 
Botany, Floriculture. 

Duff, A. Wilmer, 48 Harvard St., Worcester, Mass. 
Professor of Physics, Worcester Polytechnic Institute. 
Physics. 

Evermann, Barton Warren, Bureau of Fisheries. Washington, D. C. 
Chief, Alaska Fisheries Service. 
Zoology. 

Fiske, W. A. 

Garrett, Chas. W., Room 718, Pennsylvania Station, Pittsburgh, Pa. 
Librarian, Pennsylvania Lines West of Pittsburgh. 
Entomology, Sanitary Sciences. 

Gilbert, Charles H., Stanford University, California. 

Professor of Zodlogy, Stanford University. 
Ichthyology. 

Greene, Charles Wilson, 814 Virginia Ave., Columbia, Mo. 
Professor of Physiology and pharmacology, University of Missouri. 
Physiology, Zodlogy. 

Hargitt, Chas. W., 909 Walnut Ave., Syracuse, N. Y. 

Professor of Zodlogy, Syracuse University. 
Hygiene, Embryology, Eugenics, Animal Behavior. 

Hay, Oliver Perry, U. S. National Museum, Washington, D. C. 
Research Associate, Carnegie Institution of Washington. 
Vertebrate Paleontology, especially that of the Pleistocene Epoch 


Hughes, Edward, Stockton, California, 
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Jenkins, Oliver P., Stanford University, California. 
Professor of Physiology, Stanford University. 
Physiology, Histology. 

Jordan, David Starr, Stanford University, California. 
President of Stanford University. 

Fish, Eugenics, Botany, Evolution. 

Kingsley, J. S., Tufts College, Massachusetts. 

Professor of Zodlogy, Tufts College. 
Zoology. 

Knipp, Charles T., 918 W. Nevada St., Urbana, Illinois. 
Assistant Professor of Physics, University of Illinois. 
Physics, Discharge of Electricity thru Gases. 

MacDougal, Daniel Trembly, Tucson, Arizona. 

Director, Department of Botanical Research, Carnegie Institute, Wash- 
ington, D. C. 
Botany. 

McMullen, Lynn Banks, State Normal School, Valley City, North Dakota. 
Head, Science Department, State Normal School. 

Physics, Chemistry. 

Mendenhall, Thomas Corwin, Ravenna, Ohio. 

Retired. 

Physics, “Engineering,” Mathematics, Astronomy. 
Newsom, J. F., Palo Alto, California. 

Mining Engineer. 

Purdue, Albert Homer, State Geclogical Survey, Nashville, Tenn. 
State Geologist of T'ennessee. 

Geology. 

Reagan, A. B., Nett Lake School, Nett Lake, Minnesota. 
Superintendent and Special Distribution Agent, Indian Service. 
Geology, Paleontology, Ethnology. 

Slonaker, James Rollin, 334 Kingsley Ave., Palo Alto, California. 
Assistant Professor of Physiology, Stanford University. 
Physiology, Zodlogy. 

Springer, Alfred, 312 Hast 2d St., Cincinnati, Ohio. 

Chemist. 
Chemistry. 
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Walker, Hrnest, 524 Leverett St., Fayetteville, Arkansas. 
Horticulturist, College of Agriculture, Arkansas University. 
Horticuiture. 

Wilson, Guy W 


ACTIVE MEMBERS. 


Allison, ivelyn, Lafayette, Ind. 

Care Agricultural Experiment Station. 
Botany. 

Saine, H. Foster, 420 Market St., San Francisco, Cal. 
Kuditor, Mining and Scientific Press. 

Baker, Walter D., N. Illinois St., Indianapolis, Ind. 
Care Waldcraft Co. 

Chemistry. 

Baker, Walter M., Amboy. 
Superintendent of Schools. 
Mathematics and Physics. 

Banker, Howard J., 306 Hanna St., Greencastle. 
Professor of Biology, DePauw University. 
Botany. 

Barcus, H. H., Indianapolis. 

Tastructor, Mathematics, Shortridge High School. 

Barr, Harry L., Waveland. 

Student. 
Botany and Forestry. 

Barrett, Hdward, Indianapolis. 
State Geologist. 

Geology, Soil Survey. 

Bates, W. H., 806 Russell St., West Lafayette. 
Associate Professor, Mathematics. 

sell, Guido, 431 18. Ohio St., Indianapolis. 

Physician. 

Bellamy, Ray, Worcester, Mass. 

3ennett, Lee F., 825 Laporte Ave., Valparaiso. 
Professor of Geology and Zodlogy, Valparaiso University. 


Geology, Zodlogy. 
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Bishop, Harry Eldridge, 1706 College Ave., Indianapolis. 
Food Chemist, Indiana State Board of Health. 

Blanchard, William M., 1008 8. College Ave., Greencastle. 
Professor of Chemistry, DePauw University. 

Organic Chemistry. 
Bond, Charles S., 112 N. Tenth St., Richmond. 
Physician. 
3iology, Bactericlogy, Physical Diagnosis and Photomicrography. 

Bourke, A. Adoiphus, 1103 Cottage Ave., Columbus. 
Iustructor, Physics, Zodlogy and Geography. 

Botany, Physics. 

Brossmann, Charles, 1616 Merchants Bank Bidg., Indianapolis. 
Consulting Engineer. 

Water Supply, sewage disposal, sanitary engineering, etc. 
srown, James, 5372 E. Washington St., Indianapolis. 

Professor of Chemistry, Butler College. 

Chemistry. 

Bruce, Hdwin M., 2401 North Ninth St., Terre Haute. 
Assistant Professor of Physics and Chemistry, Indiana State Normal. 
Chemistry, Physics. 

Bryao, William Lowe, Bloomington. 

President, Indiana University. 
Psychology. 

3ybee, Halbert P., Bloomington. 

Graduate Student, Indiana University. 
Geology. 

Canis, Edward N., 2221 Park Ave., Indianapolis. 

Officeman with William Burford. 
Botany, Psychology. 
Carmichael, R. D., Bloomington. 
Assistant Professor of Mathematics, Indiana University. 
Mathematics. 
Caswell, Albert E., Lafayette. 
Tastructor in Physics, Purdue University. 
Physics and Applied Mathematics. 
Chansler, Elias J., Bicknell. 
Farmer. 


Ornithology and Mammals. 
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Clark, Jediah H., 126 East Fourth St., Connersville. 
Physician. 

Medicine. 

Conner, 8S. D., West Lafayette. 

Cox, William Clifford. 

Crowell, Melvin E., 648 E. Monroe St., Franklin. 

Dean of Franklin College. 
Chemistry and Physics. 

Cutter, George, Broad Branch Road, Washington, D. C. 
Retired, Manufacturer of Electrical Supplies. 
Conchology. 

Daniels, Lorenzo E., Rolling Prairie. 

Retired Farmer. 
Conchology. 

Davis, Melvin K., Anderson. 

Instructor, Anderson High School. 
Physiography, Geology, Climatology. 

Deppe, C. R., franklin. 

Dietz, Harry F., 2719 Shriver Ave., Indianapolis. 
Deputy State Entomologist. 

Entomology, Eugenics, Parasitology, Plant Pathology. 

Dolan, Jos. P., Syracuse. 

Drew, David Abbott, 817 East Second St., Bloomington. 
Instructor in Mechanics and Astronomy. 
Astronomy, Mechanics. Mathematics and Applied Mathematics. 

Duden, Hans A., 5050 I. Washington St., Indianapolis. 
Analytical Chemist. 

Chemistry. 

Dutcher, J. B., Bloomington. 

Assistant Professor of Physics, Indiana University. 
Physics. 

Earp, Samuel E., 243 Kentucky Ave., Indianapolis. 
Physician. 

Edmonston, Clarence E., Bloomington. 

Graduate Student, Physiology, Indiana University. 
Physiology. 
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Ellis, Max Mapes, Boulder, Colo. 

Instructor in Biology, University of Colorado. 
Biology, Entomoiogy. 

Evans, Samuel G., 1452 Upper Second St., Evansville. 
Merchant. 

Botany, Ornithology. 

Ewers, James E., Terre Haute. 
Instructor in High School. 
Geology. 

Felver, William P., 3253 Market St., Logansport. 
Railroad Clerk. 

Geology, Chemistry. 

Fisher, Martin L., Lafayette. 

Professor of Crop Production, Purdue University. 
Agriculture, Soils and Crops, Birds, Botany. 

Frier, George M., Lafayette. 

Assistant Superintendent, Agricultural Experiment Station, Purdue 
University. 
Botany, Zodlogy, Entomology, Ornithology, Geology. 

Fuller, Frederick D., 213 Russell St., West Lafayette. 
Chief Deputy, State Chemist, Purdue Experiment Station. 
Chemistry, Microscopy. 

Funk, Austin, 404 Spring St., Jeffersonville. 

Physician. 
Diseases of Hye, Ear, Nose and Throat. 

Galloway, Jesse James, Bloomington. 
Instruction, Indiana University. 
Geology, Paleontology. 

Gates, Florence A., 416 Irving St., Toledo, Ohio. 
Teacher of Botany. 

Botany and Zodlogy. 

Glenn, E. R., 5385 North Walnut St., Bloomington. 
Instructor in Physics, Bloomington High School. 
Physics. 

Gottlieb, Frederic W., Morristown. 

Care Museum of Natural History. Assistant Curator, Moores Hill 
College. 
Archaeology, Ethnology. 
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Grantham, Guy E., 487 Vine St., West Lafayette. 
Instructor in Physics, Purdue University. 

Greene, Frank €., Missouri Bureau of Geology and Mines, Rolla, Mo. 
Geologist. 

Geology. 

Grimes, Earl J., Russellville. 
Care U. S. Soil Survey. 
Botany, Soil Survey. 

Haggerty, Melvin K., Bloomington. 

Professor of Psychology, Indiana University. 
Psychology. 

Harding, C. Francis, 111 Fowler Ave., West Lafayette. 
Professor of Electrical Engineering, Purdue University. 
Mathematics, Physics, Chemistry. 

Harman, Mary 'l., 611 Laramie St., Manhattan, Kansas. 
Instructor in ZoGlogy, Kansas State Agricultural College. 
Zoology. 

Heimburger, Harry V., 701 West Washington St., Urbana, Ill. 
Assistant in Zoology, University of Illinois. 

Hiendricks, Victor K., 855 Benton Ave., Springfield, Mo. 
Assistant Chief Engineer, St. L. & S. F. R. R. 

Civil Engineering and Wood Preservation. 

Hetherington, John P., 418 Fourth St., Logansport. 
Physician. 

Medicine, Surgery, X-Ray, Electro-Therapeutics. 

Hilliard, Curtis M., West Lafayette. 

Hinman, J. J., Jv., 507 East Eleventh St., Indianapolis. 
City Chemist. 

Chemistry. 
Hole, Allen D., Richmond. 
Instructor, Earlham College. 

Hubbard, Lucius M., South Bend. 

Lawyer. 2 

Hutton, Joseph Gladden, Brookings, South Dakota. 
Associate Professor of Agronomy, State College. 


Agronomy, Geology. 
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Hyde, Roscoe Raymond, Terre Haute. 
Assistant Professor, Physiology and Zodlogy, Indiana State Normal. 
Zoology, Physiology, Bacteriology. 
Ibison, Harry M., Marion. 
Instructor in Science, Marion High School. 
Jackson, D. E., St. Louis, Mo. 
Assistant Professor, Pharmacology, Washington University. 
Johnson, A. G., Madison, Wisconsin. 
Jones, Wm. J., Jr., Lafayette. 
State Chemist, Professor of Agriculture and Chemistry, Purdue Uni- 
versity. 
Chemistry, and general subjects relating to agriculture. 
IKkenyon, Alfred Monroe, 315 University St., West Lafayette. 
Professor of Mathematics, Purdue University. 
Mathematics. 
Kleinsmid, R. B., Jeffersonville. 
Care Indiana Reformatory. 
Liebers, Paul J., 1104 Southeastern Ave., Indianapolis. 
Ludwig, C. A., 210 Waldron St., West Lafayette, Ind. 
Assistant in Botany, Purdue University. 
Botany, Agriculture. 
Ludy, L. V., 229 University St., Lafayette. 
Professor, Experimental Engineering, Purdue University. 
Experimental Engineering in Steam and Gas. 
Mason, T. E., Bloomington. 
Graduate Student, Mathematics. Indiana University. 
Mathematics. 
McBride, Robert W., 1239 State Life Building, Indianapolis. 
Lawyer. 
McCulloch, 'T. 8., Charlestown. 
Markle, M. S., Richmond. 
Middletown, A. R., West Lafayette. 
Professor of Chemistry, Purdue University. 
Chemistry. 
Miller, Fred A., 534 E. Twenty-ninth St., Indianapolis. 
Botanist for Eli Lilly Co. 
Botany, Plant Breeding. 
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Montgomery, Hugh T., South Bend. 

Physician. 
Geology. 

Moore, George T., St. Louis, Mo. 
Director, Missouri Botanical Garden. 
Botany. 

Morrison, Edwin, 80 S. W. Seventh St., Richmond. 
Professor of Physics, Earlham College. 

Physics and Chemistry. 

Mowrer, Frank Karlsten, Interlaken, New York. 
Cooperative work with Cornell University. 
3iology, Plant Breeding. 

Muncie, I’. W. 

Myers, B. D., 321 N. Washington St., Bloomington. 
Professor of Anatomy, Indiana University. 

Nieuwland, J. A., The University, Notre Dame, Ind. 
Professor, Botany, Editor Midland Naturalist. 
Systematic Botany, Plant Histology, Organic Chemistry. 

North, Cecil C., Greencastle. 

O’Neal, Claud E., Bloomington. 

Graduate Student, Botany, Indiana University. 
Botany. 

Orton, Clayton R., State College, Pennsylvania. 
Assistant Professor of Botany, Pennsylvania State College. 
Phytopathology, Botany, Mycology, Bacteriology. 

Osner, G. A., Ithaca, New York. 

Care Agricultural College. 

Owen, D. A., 200 South State St., Franklin. 
Professor of Biology (Retired. ) 
Biology. 

Owens, Charles E., Corvallis, Oregon. 

Instructor in Botany, Oregon Agricultural College. 
Botany. 

Petry, Edward Jacob, 267 Wood St., West Lafayette. 
Instructor in Agriculture. 

Botany, Plant Breeding. Plant Pathology, Bio-Chemistry. 

Phillips, Cyrus G., Moores Hill. 
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Pickett, Fermen L., Bloomington. 
Botany Critic, Indiana University Training School. 
Botany, Forestry Agriculture. 
Pipal, F. J., 114 S. Salisbury St., West Lafayette. 
Price, James A., Fort Wayne. 
Ramsey, Ear! E., Bloomington. 
Principal High School. 
Schultze, I. A., Laurel. 
Fruit Grower. 
Bacteriology, Fungi. 
Silvey, Oscar W., 437 Vine St., West Lafayette. 
Instructor in Physics. 
Physics. 
Smith, Chas. Piper, College Park. Md. 
Associate Professor, Botany, Maryland Agricultural College. 
Botany. 
Smith, Essie Alma, R. IF. D. 6, Bloomington. 
Smith, E. R., Indianapolis. 
Horticulturist. 
Spitzer, George, Lafayette. 
Dairy Chemist, Purdue University. 
Chemistry. 
Steele, B. L., Pullman, Washington. 
Associate Professor of Physics, State College, Washington. 
Stoltz, Charles, 530 N. Lafayette St., South Bend. 
Physician. 
Stoddard, J. M. 
Stuart, M. H., 3223 N. New Jersey St., Indianapolis. 
Principal, Manual Training High School. 
Physical and Biological Science. 
Sturmer, J. W., 119 E. Madison Ave., Collingswood, N. J. 
Dean, Department of Pharmacy, Medico-Chirurgical College of Phila- 
delphia. 
Chemistry, Botany. 
Taylor, Joseph C., Logansport. 
Wholesale merchant. 
Thompson, Albert W., Owensville. 
Merchant. 
Geology. 
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Thompson, Clem O., Salem. 
Principal High School. 
Thorburn, A. D., Indianapolis. 

Care Pitman-Myers Co. 
Chemistry. 

Trueblood, Iro C. (Miss), 205 Spring Ave., Greencastle. 
Teacher of Botany, Zodlogy, High School. 
30tany, Zodlogy, Physiography, Agriculture. 

Tucker, W. M., 841 Third St., Chico, California. 

Principal High School. 
Geology. 

Turner, William P., Lafayette. 

Professor of Practical Mechanics, Purdue University. 

Vallance, Chas. A., Indianapolis. 

Instructor, Manual Training High School. 
Chemistry. 

Voorhees, Herbert S., 2814 Hoagland Ave., Fort Wayne. 
Instructor in Chemistry and Botany, Fort Wayne High School. 
Chemistry and Botany. 

Wade, Frank Bertram, 1039 W. Twenty-seventh St., Indianapolis. 
Head of Chemistry Department, Shortridge High School. 
Chemistry, Physics, Geology and Mineralogy. 

Waterman, Luther D., Indianapolis. 

Physician. 

Weems, M. L., 102 Garfield Ave., Valparaiso. 

Professor of Botany. 
Botany and Iluman Physiology. 

Weir, Daniel T., Indianapolis. 

Supervising Principal, care School office. 
School Work. 

Weyant, James E., Indianapolis. 

Teacher of Physics, Shortridge High School. 
Physics 

Wheeler, Virges, Montmorenci. 

Wiancko, Alfred T., Lafayette. 

Chief in Soils and Crops, Purdue University. 


Agronomy. 
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Williams, Kenneth P., Bloomington. 
Instructor in Mathematics, Indiana University. 
Mathematics, Astronomy. 

Williamson, E. B., Bluffton. 
Cashier, The Wells County Bank. 
Dragonflies. 

Wilson, Charles E., Bloomington. 
Graduate Student, Zodlogy, Indiana University. 
Zoology. 

Wood, Harry W., 84 North Ritter Ave., Indianapolis. 
Teacher, Manual Training High School. 

Woodburn, Wm. L., 902 Asbury Ave., Evanston, III. 
Instructor in Botany, Northwestern University. 
30tany and Bacteriology. 

Woodhams, John H., care Houghton Mifflin Co., Chicago, Ill. 

raveling Salesman. 

Mathematics. 

Yocum, H. B., Crawfordsville. 

Young, Gilbert A., 725 Highland Ave., Lafayette. 
Head of Department of Mechanical Engineering, Purdue University. 

Zehring, William Arthur, 303 Russell St., West Lafayette. 
Assistant Professor of Mathematics, Purdue University. 
Mathematics. 

Zeleny, Charles, University of Illinois, Urbana, Ill. 


Associate Professor of Zoology. 


Zoology. 
ET CHONV Sis aytors acs tueieveratsiiois aieite “snehon ere AOS BOO ORE DIEU ROTO CRORES CISC AR Grier 6G 
MET EGS AV AChIVE) asics ae erensinie cane awd, cla ic Gan Be) ao ote cicnaaia peer 138 
AVLeeA TAN KET See OMT SUC ETA rerecreveites ager caster ae foyetteiel noo cvomarreile Paige wkteriat oye) Steifel 6/10] sichlavet sce, lohanscs 29 


UUs eA hy espera osra ovra, tested ov snsrereeme mise etiewe yolks df dcbihe AGO Seo CMa aOw EE 233 
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MINUTES OF THE TWENTY-EIGHT ANNUAL MEETING 
INDIANA ACADEMY OF SCIENCE 


CLAYPOOL HoreL, November 28, 1912. 


The Executive Committee met at 7:30 p. m. in their annual session with 
Joseph P. Naylor, President, in the chair, and the following members 
present: Donaldson Bodine, A. L. Foley, W. S. Blatchley, W. A. Cogshall. 
D. M. Mottier, R. W. McBride, C. R. Dryer, W. J. Moenkhaus, L. J. Rettger, 
J. W. Beede, R. Hessler, J. S. Wright and A. J. Bigney. 

The minutes of the meeting of the Executive Committee of 1911 were 
read and approved. 

The reports of the standing committees were then taken up. The pro- 
gram committee, with J. W. Beede, Chairman, stated that their work had 
been performed as indicated by the published program. 

The Membership Committee reported that they had sent out printed 
notices urging members to try to secure new members for the Academy. <A 
goodly number of names would be reported on Friday. 

On motion a committee consisting of Professors Bodine and Cogshal: 
Was appointed to revise the constitution. 

The following persons were recommended as Fellows: Chas. W. 
Shannon, Brazil; H. W. Anderson, Crawferdsville; Chas. M. Smith, H. FE. 
Enders, and Frank D. Kern, Lafayette. 

Committees on Weeds and Biological Survey made no report. 

The treasurer read a list of 47 members who were in arrears for dues 
for more than two years. On motion it was decided to drop these unless 
their dues «are paid for by January 1, 1915. 

J. S. Wright, reporting for the State Librarian, stated that not as 
many books had been bound as formerly on account of a lack of funds. 

J. S. Wright also reported that of the 900 copies of the Proceedings 
printed, 108 had been sent to foreign exchanges, SS to home exchanges, 200 
to libraries, the remainder to the members and as reserves. 

The Editor, L. J. Rettger, reported that his work had been completed 
as shown by the volume of Proceedings. He gave the committee some 


notion of the difficulty connected with this work. 
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The Treasurer made the following report: 


Balance from) 1911... 25. Wie BRE) Rene ge SS cs Se OM ee $263 70 
Received wELom. (lesa eee ee eee ee Sc ee Oe Zon 
ROA ers oe etra heres Recta ane i aWare hSed 1ewo are tence We ere $500 20 
FIX PCMGUGHMES << sorccseyerel nue erctecewelere Chaya otegale Ais yersue¥eweies or ava vayep etelets ~ 22582 
BULAN Cw... clase ne iitanet orate me eoinne Ce HOLE Bees Bis: 
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On motion, C. C. Deam was appointed Press Secretary, pro tem. 

Dr. C. R. Dryer presented a communication from a Chicago committee 
relative to the conservation of Dune Park. On motion a committee was 
appointed to consider the communication. The following committee was 
appointed: Chas. R. Dryer, W. S. Blatchley, D. M. Mottier. 

After discussing the general interest of the Academy, the committee 


adjourned. 


GERMAN House, November 29, 1912. 

The Indiana Academy of Science met in general sesston at 9:30 a. m. 
with President Joseph P. Naylor in the chair. The minutes of the Execu- 
tive Committee were read and approved. 

H. J. Banker stated that he had a number of separates of the List of 
Scientific Literature in College Libraries, as published in 1911 Proceedings, 
and that these were at the dispesal of the members. 

On motion the committee, consisting of H. J. Banker and Will Scott. 
was ordered to be continued. 

On motion the powers of the above committee were extended to include 
other libraries in the State as they might deem wise and that the report 
should not be published until 1913 Proceedings. 

The Committee on Revision of the Constitution reported through D. 


Bodine, the report to be acted upon next year. The report is as follows: 


ARTICLE III. 
Secrion 1. The President shall at each annual meeting appoint the 
standing committees. 
Sec. 2. The annual meeting of the Academy shall be held in the city 
of Indianapolis on the Friday following Thanksgiving Day, unless other- 
wise ordered by the Executive Committee. There shall also be a summer 


meeting at such time and place as may be decided upon by the Program 
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Committee. Other meetings may be called at the discretion of the Execu- 
tive Committee. The Executive Committee, together with the standing 
committees, shall constitute the Council of the Academy and represent it in 
the transaction of any necessary business not especially provided for in 
this Constitution: Provided, That no question of amendment shall be 
decided in the same session at which it is presented. 


The Treasurer made the following report: 


SDM Ce mar OM cbONS eT acis cre i theo oescs ichsum state vei siemens Snare & bid ralces $263 70 
FUCCEUDESLEL OME CLUCS 5, scence: cis eens (eifestevieen statis: sae) isis Gils} ciereieharelloswe.g.eje.6 236 50 
EMO GARE Hes ovteresisuer cveirenran ais) <i ateicaare deter eta nar as eit westce LeCe. Relegs, Sete $500 20 
ERS SMGMCUMES eaters eccrvsrnec trattoria rackets are seo iene cheyenne 225 82, 
NS AU ENTAUCO earns Peer eM taieae he esd ons arene ee ener ete er aes POLAT OS 


Accepted and referred to Auditing Committee. 


The Membership Committee reported the following applicants for 


membership : 


TESTEyr eR, \AVIo a: bl bigest niguhieere Sessa teeen Mean ee Rea tc ye a Bloomington 
SESTGOMUVAI pam DeLst DL © Seer carrie seers ecto ansveclencks tee eaereue Sears keene ’a coun atrai cmos ueseraholees Irvington 
JSSSV OVE: TENORS eral Dc ae eee ee eke oii on Ae nip an Ira cl oer ered Aaa Tey ae Bloomington. 
GacMmMiGhucleek: WD); Gest asme eee ee aoe Bie Sale raretarncrs Stoners Meioneion hen ie Bloomington. 
(COINS TRS SY AIDS Series tence emcees Ear eee ree eerie on a a a Ri West Lafayette 
EGLO GOHIT SS CONG ee emperor ay Secatel apeyccerete omer, eeatete es avereiate.s Bie trelaies Bloomington 
Jshilliiteneel. Ciwaeais: INOVERINCIN, gongococenccune cccuneoacucoonode West Lafayette 
PANETT ered red ceutdilesee ta spc (kets ent. chaise tee cus o.5. Aven ess Indianapolis, 507 EH. Eleventh 
SGT ian STC pe RES Se ees aetae cesar a Py aaNet aa! Cmca ens od cl Bucs cette cece tek Jeffersonville 
AVIFeAISSOMT ame Loess coal mics ener eicci's clhcsohia ve Mi Naerrox avlelte sethvortorle: Sze Tae" LS res re Rett Bloomington 
Noruhes OCC (Cy cases so osu en ere taepsicderaie ofS oeraievsl WSs orm a) Scud eravehorela Gare Greencastle 


(ENG alle OG Weis acute ciesis inte she fktevexs ae tes wh ces a sernact ose bloomingten 


Hearn lly Seas COV aTaLLSiM Creer pep sep haucrica te ster ctepor tara eit eck okay aie. er sicirs wierd, ota area? Moores Hill 
TSG EC ameTULUMEES Sure oRs, «Sc aey es huthcds besvalors ele cake oh vee SUalleirefowar ane taunt Seles Greencastle 
Ramsey, [Dyatiell) 1Dis cava oroetaece ae ioooreeeca a Siro een SHG apeuaseseehctene soe heme Bloomington 
Mn Omeast Cecil (Cx hers on hers oan es Tarisi ste teeile aba Se roletiatis woumtioeusoecs Crawfordsville 


Wat Som (@WaAS! WW a.sic0 ac ecw es Tate ncuche rene coarse Tie AAR nee a Bloomington 
NAOO empl earetaVan Wis) am sive crc aain sake at ae aint, Seescls ae wards woe aa oe NaLapolis 
Cea, TS Ae By ear ene, Se ae ee ee Rave Reb eEe xe Crawfordsville 


On motion they were elected to membership. 
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The following members were elected as Fellows on recommendation of 
Executive Committee : 


ATIGESESOMS TELS Wi Sore jek atc ols eveps tious S Aerset are Sete oe ote ens Crawfordsville 
BY LETS FHS Se mBYS Besactserathae re ecaicr ae RT aOR TS ae See West Lafayette 
Sere, HAM cps Rise. cere eaeie Seto o> Wee ....West Lafayette 
Shannon Chas. We see csiees serie «suds cee alten eee NOLIN Ann O) lel alrnamnntes 
SmiiGhs [CMasoe Ms ees vores en epee es Manel ce La ok ee ogee ae ee West Lafayette 


The Academy then took up the regular program in general session. 


APTERNOON SESSION. 
Academy met in general session at 1:30. 
On motion, H. J. Banker and L. J. Rettger were added to the Commit- 
tee on Nominations. 
President Naylor announced the following standing committees : 
Program—J. W. Beede, J. S. Wright, D. M. Mottier. 
E. R. Cumings, BE. S. Johnnott, F. B. Wade. 


Nominations—R. R. Ramsey, I. N. 


Menibership 


Evans, H. J. Banker. 


Auditing—lL. J. Rettger. Edwin Morrison. 
State Library—H. FE. Barnard, W. S. Blatchley, A. W. Butler. 
Restriction of Weeds and Diseases—R. Hessler, J. N. Hurty, A. W. 
Sutler, Stanley Coulter, D. M. Mottier. 
Stanley Coulter, J. C. Arthur, J. M. 


Van Hook, C. H. Eigenmann, U. O. Cox. 


Directors of Biological Survey 


Relations of the Academy to the State—R. W. McBride, G. Culbertson. 
C. C. Deam, A. W. Butler, W. W. Woollen. 

Distribution of Proceedings—H. E. Barnard, H. L. Bruner, A. J. Big- 
ney, C. W. Benton, W. J. Moenkhaus. 

Publication cf Proceedings—-C. C. Deam, Editor, L. J. Rettger, C R. 
Dryer. 

On motion the Program Committee was instructed to co-operate with 
the Executive Committee of the Conservation Commission in preparing a 
Symposium on Conservation to be presented as a part of the Academy pro- 
gram next year. 

The State Librarian reported, per J. S. Wright, that foreign and home 
exchanges to the number of 805 volumes had been bound during the past 
year. 

On motion it was decided to refer the preparation of a topographic 


map of Indiana to the committee on the Relation of the Academy to the 
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State, instructing them to urge the State Legislature to co-operate with the 
U. 8. Government in making such a map. 

The Committee on Nominations reported as follows: 

Donaldson Bodine, President; Severance Burrage, Vice-President; A. 
J. Bigney, Secretary; C. M. Smith, Assistant Secretary; F. B. Wade, 
Press Secretary; W. J. Moenkhaus, Treasurer; C. C. Deam, Editor. 

On motion of L. J. Rettger, the Program Committee was instructed to 
have the meeting next year late in October, or early in November. This 
closed the work of general session and the Academy passed to sectional 
meetings. 

EVENING SESSION. 

The Academy met in the Auditorium of the Y. M. C. A. Building. The 
following illustrated lectures were given and greatly appreciated : 

An Experimental Investigation of Certain Pharmacological Reactions— 
D. W. Jackson. 

The Photography of Sound Waves—A. L. Foley. 

A Brief Account of the Indiana University Expedition to Columbia, 
South America 


C. H. Higenmann. 
Adjournment. 


J. P. Naytor, President. A. J. BIGNEY, Secretary. 
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PROGRAM OF THE TWENTY-EIGHTH ANNUAL MEETING 


INDIANA AGADEMY OF SCIENCE 


GERMAN HOUSH, INDIANAPOLIS, INDIANA. 
November 28, 29, 1912. 
JOSEPH P. NAytor, President. DONALDSON BoprNne, Vice-President. 
A. J. BIGNEY, Secretary. W. J. MoENKHAUS, Treasurer. 
THURSDAY, NOVEMBER 28, 7:30 P. M. 
Meeting of the Exceutive Committee at the Claypeol Hotel. 
FRIDAY, NOVEMBER 29, 9:00 A. M. 


Business. 
ISWEGIS) UMA E OKSsinwony Gago, Oils geossoadennedcupocs5 occ: Amos W. Butler 
The Protection of Our Rivers from Pollution, 15 m............. Jay Craven 
The Potability of Surface and Ground Waters of Indiana, 15 m..... 

Meyer faerie oc usiictayle is Ta leyisier's) ai Sgha Cre Grorsla vaLeraepneisidy Laie econ, Ohbs H. BH. Barnard 
*The Problem of the Psychology of Adolescent Crime, 20 m......... 

PE Cee Seieiie\ 0” cok atea hoot Gh giss ar geh Oeics) sesia Slee Sue) lal ebewer SS Gun uel $15) © areucthe kh. B. Wleinsmid 
HES UIMMEA MA. CCOT SOM ns cialis acre clearer cj eceeue cura eon HS Elagcentiy: 
UNE OT arc eee EAU CELCES Al pMyrac. a eralere.s nick ts tecey oreieheve ss w\tcjerce sits, eferekerbeiele W. L. Bryan 
A Natural Bridge in Parke County, Indiana, 5 m......... Charles R. Dryer 

FRIDAY, NOVEMBER 29, 1:30 P. M. 
SUSINESS. 
Sectional Meetings. 
SECTION I. 
ASLeronry near IMNdianapolis: sOemMes 2 senses sen tenes ee ao Amos W. Butler 


Further Notes on Indiana Birds. 15 m.................-Amos W. Butler 
Food and Methods of Feeding of Fresh Water Mussels. 15 m...... 

RR esac irs onc, Sea ie rtountapake ey seer Hrshiskeal Sec th ay eaten dR bata William R. Alien 
Further Notes on the Seedless Persimmon in Indiana. 5 m..D. M. Mottier 


A Revision of the Mosses of Monroe County, Indiana, 5m....F. L. Pickett 


On the Age of Corms in Arisaema triphyllum. 5 m........... K. L. Pickett 
Acetic Alcohol as a fixing Agent in Plant Histology. 5m...... K. L. Pickett 


HianiseNewa tOoulndianas domme sees eeseaesee nasa Oharles ©) Denn 


* Papers not presented, 
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The Influence of Certain Environic Factors on the Development of 


LXV onl Biologie BOM big Somnerotesree od onic cule CreCceaercnc D. M. Mottier 
Report of the work in Corn Pollination—!V. 5m............ M. L. Fisher 
(CoOnniep icin. Sires “AQ s » sooo ob coo ospa ones oan i. M. Andrews 


An Instructive Modification of an Old Experiment. 8 m..Howard J. Banker 
*Summer Conditions of Indiana Lakes. 15 m.................. Will Scott 
5 m...H. V. Heimberger 
TANGA Ea OT — = Mem sent ececn eve mereu then hotter (als. wc s, shavehers <2 J. M. Van Hook 


*Observatio: Ss upon Some Onion Diseases in Indiana. 15 m....C. R. Orton 


Photosynthesis in Submerged Terrestrial Plants. 


Fungous Enemies on the Sweet Potato in Indiana. 10m...... C. A. Ludwig 
Notes on Some Puff-Balls of Indiana. 10 m............... Frank D. Kern 


*Further Studies of the Growth Rate of the White Ash in Indiana. 

aU 8) 00 ea are en eee Rn CA ca i~ Dr cic Ces Co RRO ATR Dee eR TE: Stanley Coulter 
The Cultivation and lnprovement of Medicinal Plants. 10 m..F. A. Miller 
The Diagnostic Value of Certain Characteristics of the Starch Grain. 

MVERIM ey ey opens aoe tere Oo es rege ee tes ahances (oun tereners wee ely occa eral cate e lage Soest R. B. Harvey 
=A (OYE el 2] 0905 goed (Uncle cee and Sena ate eae te Sora OATH OiO eNO clo ap. c BK. J. Pipal 


Section II. 


An Experimental Investigation of Certain Pharmacorogical Reac- 


TONS GAM Term) 20 GIN merece setts ste chelepekevslcy ah cncehe Ace a tremer ore D. W. Jackson 
SUECCT Hae AALS: ee MUTED dos cs ia cicois eieney are eae eke iodeie eee .. George Spitzer 
NASCOMtPENGMICIUS. | GUD CINNE.. <. oocd's ekncieys stant che toxctstatorstaeietena cistron J. H. Ransom 
The Penetration of Wood by Zine Chloride. 15 m....... Edward G. Mahin 


Oforono nyee se 20 RG ae eee een ere A Pe ES AA eal amine er: Labeler 
A Statistical Study of the Streptococci from Milk and from the Hu- 

man Throat. 15 m..E. C. Stowell, C. M. Hilliard and M. J. Schlesinger 
One Atomic Structure of nergy. 15) Mis... <6 se. sale A. E. Caswell 
Some Observations upon the Crystal Habit of Synthetic Gems of the 

Corundum Type, with Application to the Problem of Proper Cut- 

Pinson seer G Snir: ol Osi ve; crete. > eat redeas Roe ee ie toe dee Frank B. Wade 
On Linear Difference Equations of the First Order, with Rational 

COGMEIGNESS yO UN y./paceretons Susie sel csc ayers ely peels eet Thomas E. Mason 
Notes on the Intersection of Osculating Planes to the Twisted Cubic. 

ACF TIE eat o8< MBit PSE oa to iert yc Noe Scan eh Cae Sale Rees’ ray Ween A. M. Kenyon 
Young’s Modulus of Steel in a Magnetic Field. 10 m......Edwin Morrison 
Terraces of the Wabash Valley in Parke, Vermilion and Vigo Coun- 

THOS. MOM rene, sere raler shove ebro wis mal deve wie ovate owtevel s Oeie (eats OL ULES a Pmt vaeTs 


The Raccoon Valley, Parke County, Indiana. 20 m.......Charles R. Dryer 


4] 


*Notes on the Relation of the Native Vegetation to Surface Geology 
aAssObServedsiny Indiana "By tWtlete: = occ ssc. C. W. Shannon 

*The Mansfield Sandstone Area of Indiana. By title...... C. W. Shannon 

Remarks on the Value of Core Drilling in Regions of Questionable 
See ROME Sires IO) Gils Geos oncuecssogc0ecdeouoe J. W. Beede 


The Determination of Hydrogen, Methane and Nitrogen in Gas by 


Combustion in Quartz Tube. 2m.......... F. C. Mathers and Ira Lee 
New Methods for the Preparation of Selenates. 2 m................ 

PURO Bote cece chee svonclcke costo ekeraiets. oy eaeersowray eae F. Mathers and J. Otto Frank 
A New Qualitative Test for Chlorides in the Presence of Bromides 

MO BtOdides eels ia eee eee eae Os athersvandn loc lee 
Electroplating in Colloidal solutions. 10 m............. James EK. Weyant 


EVENING SESSION, 8:15 P. M. 
The Photography of Sound Waves. Lantern. 20m............A. L. Foley 
A Brief Account-of the Indiana University Expedition to Columbia. 
IGATICCTIN ces TINS tear teceleval clerenenepeteiaseie ous se shoo eisa ave arene C. Il. Kigenmann 
Papers not Read at the Previous Sessions. 
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THe WATER SUPPLY OF INDIANA. 


By H. EH. BARNARD. 

In my discussion of the water supplies of Indiana I shall refer only to 
che waters used for drinking and domestic purposes, and for my data draw 
upon the thousands of analyses made at the Laboratory of Hygiene of the 
State Board of Health during the last seven years. The information we 
have collected far exceeds all other available data on the subject. 

In the period the laboratories have been in operation we have analyzed 
6,127 samples of water collected from every part of the State, and from 
all kinds of sources. Of the total number of examinations made 3,051 
were from shallow wells, 1,908 from deep wells, 289 springs, 267 streams, 
166 ponds and lakes, 196 cisterns, 201 miscellaneous and 49 sewage. Of 
all the supplies examined 3,537 have been potable, that is, free from sewage 
and chemically suitable for drinking and domestic purposes, 1,837 bad and 
755 doubtful. 

One thousand two hundred and forty samples have been sent to us 
from public supplies. Of this number 137 were derived from shallow 
wells, 593 deep wells, 251 streams, 61 springs, 140 ponds and lakes and 55 
miscellaneous. 

Four thousand, eight hundred and eight-seven samples were private 
supplies, that is, supplies used by a single family. A large number of 
these samples were collected in the district by local health officers, but 
many samples were sent in by the owners themselves and in the aggregate 
no small number represents private well supplies from city lots. Of the 
private supplies examined 3,029 samples were taken from shallow wells, 
1,354 deeps wells, 246 springs, 205 cisterns, 37 sewage and 16 miscellaneous. 

Of the 614 public water supplies classed in another tabulation as deep 
wells 518 were of good quality, 31 bad and 66 doubtful. 

Of the 136 shallow wells used as public supplies, 82 were good, 33 bad 
and 21 doubtful—that is, while about 15 per cent. of the deep well public 
supplies were either bad or doubtful, 40 per cent. of the shallow wells 
were either bad or doubtful. 

Two hundred and forty samples represented stream waters used as 
public supplies. Of this number 146 were classed as good, 46 as bad and 
48 as doubtful. 
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Of the 94 public springs 59 were of good quality, 18 were bad and 17 
doubtful. 

Of the 147 pond supplies, 94 were good, 23 bad and 30 doubtful. 

One thousand, three hundred and seventy-seven samples of private 
water supplies were taken from deep wells. Of this number 1,091 were 
good, 160 were unqualifiedly bad and 126 were doubtful, in other words. 
about 20 per cent. of the deep well waters were either of bad or doubtful 
quality. 

Of the 3,057 shailow wells examined, 1,831 were good, 1,391 were bad 
and 335 were doubtful or rather more than 56 per cent. of all the shallow 
well waters examined were unfit for drinking and domestic purposes. 

Out of the mass of data collected, we are now able to determine with 
such a degree of accuracy that our statement is not a hypothesis but a 
fact that the well supply of the cities and towns of Indiana is not only to 
be viewed with suspicion, but in rather more than 50 per cent. of the cases, 
pronounced polluted. 

If such a statement had been made the first or second year of our 
work, it would have undoubtedly been pointed out that the waters anal- 
yzed did not represent average conditions and that the samples sent in 
were from wells suspected of being impure, and that while many of these 
samples did prove to be polluted, by far the greater number of wells were 
pure and safe. But as year after year we have tabulated the results of 
our work, we have noticed the very singular fact that our results varied 
very little indeed. In fact the percentage of bad and doubtful well waters 
in the year 1912 is almost exactly the percentage reported the first year 
of our work in 1906. It is impossible to believe that the health cefficers 
after studying the well supplies in their community for many years, are 
still sending in only the worst waters, or that the individual owner is not 
asking for an analysis save when he suspects the purity of his supply. I 
am convinced that of the two million wells furnishing water to the citizens 
of Indiana, at least one million are not furnishing pure water, but a water 
contaminated by the wastes of the home and community. Of 4,959 wells 
examined in the last few years, 3,051 have been classified as shallow wells, 
and 1,968 as deep wells. This classification is not perfect for it is fre- 
quently impossible to get data sufficiently adequate to place a well in its 
proper class. We classify all dug wells as shallow wells, and all 
driven wells as shallow wells when it is evident that the well 
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does not pass through an impervious starta. In some parts of the State 2 
layer of clay or hard pan may lie so close to the surface that a driven well 
not more than ten feet deep may in fact reach second water and so entitle 
it to be classed as a deep well. In other parts of the State, especially 
where sand and gravel deposits are deep, a well may be seventy-five or one 
hundred feet in depth and still tap only surface water. Obviously, when we 
do not know all the facts, our classification is subject to some inaccuracies. 

The difference in the quality of the deep and shallow well is strikingly 
shown. If the actual facts were at hand, I have no doubt but what the 
proporticn of deep wells of satisfactory character would be greatly in- 
creased. There is no real reason why every properly cased well which 
passes through an impervious strata should not furnish pure water, save 
in the isolated instances where sewage is poured through sink holes or 
abandoned gas wells into the lower levels. Such conditions do obtain in 
the caverncus regions in the southern part of the State, and they are not 
unknown in the so-called gas belt. 


Indianapolis, Indiana. 
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THE PROTECTION OF OuR RIVERS FROM POLLUTION. 
By JAY CRAVEN. 


It has only been in the last few years that the two closely connected 
problems—pure water supplies and sewage disposal—have been gaining 
rapidly, increasing attention from sanitarians and others interested in the 
welfare of the public. Formerly but little attention was paid to the sani- 
tary condition of our rivers. ‘They were taken to be the natural and 
intended channels for the disposition of sewage and manufacturing wastes. 
Before our population was so concentrated, sewage disposal by dilution 
was satisfactory from a physical standpoint, but now the condition of 
many of our streams has become such that for a part of the year at least 
the odors from them are quite obnoxious and a nuisance to the cities and 
to the population living along the banks, as well as a menace to their 
health. Even though the large rivers may not be offensive, yet where 
these rivers have to be used for water supplies, diseases that may be ear- 
ried by water constitute an always present menace to the health of our 
people. 

Like many other problems, the public is not aroused until their atten- 
tion has been attracted by severe measures. Epidemics, more terrible 
because they were due to a preventable disease, have occurred in the last 
few years, carrying with them a needless sacrifice of money, and more 
important, of human life. Just to cite one case, let me give a few figures 
from the typhoid epidemic at Erie, Pa., the population of which was 
68,000. From December 1, 1910, to May 10, 1911, 1,012 cases and 125 deaths 
were reported to the health department. For comparative purposes a 
value of $5,000 has frequently been placed on a man’s value to the com- 
munity. The loss to Hrie at this figure was $625,000, not including the 
expenses, such as loss of time, doctor bills, medicine, etc., of the remainder 
of the 1,012 who recovered. 

Different States have taken up the problem and considerable work has 
been done in Massachusetts, New York, New Jersey, Pennsylvania and 
Ohio. In our State a bill was passed in 1909 providing for the protection 


of the streams from pollution. Since that time, extensive surveys have 
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been made by the State Board of Health for the purpose of determining 
the condition of Indiana lakes and streams. 

In the summer of 1911 a sanitary survey of the Ohio River along the 
southern bcundary of Indiana was made. The work was started at Cin- 
cinnati and samples of the river water were analyzed from this point to 
the mouth of the Wabash River. They were collected at every mile with 
the exception of a short distance, where circumstances made it necessary 
to take them every two miles. A study of the water and sewer system in 
each city or town of sufficient size to have such improvements, was made. 
Analyses, chemical and bacterial, were made of all water supplies, espe- 
cial attention being given to those using the river for their source of 
supply. Manufacturing plants were visited, and if they were emptying 
waste into the river, the kind, together with an estimate of the amount, 
was noted. 

In the summer of 1912, a survey of the Wabash River from Bluffton to 
its mouth was made and similar data collected. On both surveys a house- 
boat equipped for the laboratory work and living quarters was used. The 
first summer a one-room houseboat was prepared, and although it was used 
throughout the summer, it was found to be rather small for the work. 
Last summer a two-room houseboat was built, special attention being paid 
to the design. 

This boat was found to be so well suited to the purpose that a stern 
paddle and an engine were installed, and it is to be used on White River 
next summer. 

Although no immediate results were looked for, yet an agitation was 
started in three places on the Ohio River resulting in a treated water 
supply for one city and a change from the river to a well supply in two 
towns, so that it is felt that the cost of the trip has more than been 
justified already. 

Valuable work can be done by the different States with respect to the 
rivers lying wholly within their control, but a great number of our im- 
portant rivers flow through many States, and instead of having a State 
problem we have an interstate one, which is far more difficult to handle. 
It is therefore not a problem for one State, nor for a few of the States 
along a river, but one which rederal legislation will have to regulate. 

At a joint meeting of two comparative new associations, the Great 
Lakes Pure Water Association, and the National Association for Prevent- 


ing the Pollution of Rivers and Waterways, held at Cleveland, Ohio, last 


49 


October, a tentative report of the latter committee on the feasibility of 
establishing standards of purity for river and waterways, was read. The 
men comprising the committee have a national reputation and have given 
much time and study to the problem, and the following extracts from their 
report should be of interest: 

“This committee finds that on account of the increasing population of 
the country, it is and always will be physically impossible to maintain 
waterways in their original and natural condition of purity. A reasonable 
degree of cleanliness should nevertheless be demanded. 

“The discharge of raw sewage into streams and harbors should not be 
universally prohibited by law. The method of disposal of sewage by 
dilution is recognized as sound in principle and safe in practice if carried 
on with proper restrictions. 

“For each waterway at any given point there is a limit to the amount 
of permissible discharge of waste matter, depending upon the use that is 
made of the river and the character of the territory through which it 
flows. No universal standard of purity can be wisely established or main- 
tained. When the extent of the pollution is such as to affect the public 
health in any way by any reasonable use of the river the sanitary aspect of 
the situation should control and the degree of the pollution should be reg- 
ulated accordingly. The courts must decide what is reasonable use. When 
the extent of the pcllution is sucli as to cause sensible offense to public 
decency in the course of any reasonable use of the river, this aspect of the 
situation may properly contrel. When the extent of pollution is such as to 
cause material injury to fish or shellfish industries, or to the ice industry, 
this element may control. When the extent of the pollution is such as to 
cause the silting up of the channels of navigable streams, this element 
may control. 

“Even when the demand of public health, cffense to decency and inter- 
ference with navigation are such as to place a limit to the pollution of the 
streams the economic aspect of the case should be considered in regulating 
the amount of permissible discharge of waste matter, the fundamental 
principle being that the results accomplished shall be reasonably commen- 
surate with the cost of prevention of the pollution. 

“While no universal standard of purity applicable to all rivers and 
waterways can be established. it is believed to be feasible to establish and 
maintain appropriate standards of a general nature for waters that fall 
Within certain particular groupings. 

4— 332138 
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“Thasmuch as the safety of public water supplies is the most import- 
ant element in the problem of stream pollution at the present time, the 
following general principles should govern the discharge of sewage and 
waste matters into rivers and waterways: 

“Streams from which water supplies are taken without purification 
should not receive any fecal matter, sewage, sewage effluent or wastes that 
will render the water a menace to health or otherwise impair its naturai 
quality. 

“Streams from which water supplies are tiken and used after purifica- 
tion shonla not receive fecal matter, sewage, sewage effluent or waste 
matter in such quantities that the contamination of the water at any 
water-works intake would put #n unreasonable burden upon the purifica- 
tion works, or in quantities sufficient to produce the conditions referred to 
in the next paragraph. 

“Streams not used for water supplies may receive sewage wherever 
and ip such quantities that its entrance will not sensibly offend decency in 
the reasonable public use of the stream, or cause interference with naviga- 
tion, or with valuable fish industries, or the ice industry. When this can- 
not be done, the sewage or wastes should receive such treatment before 
discharge as to bring the effluent within this rule, due regard being given 
to the relative cost of the processes required and the benefit to be derived. 

“While recognizing that the pollution of many rivers and waterways 
is inevitable and that absolute prevention of pollution is impossible, it is 
deemed imperitively necessary that some control over the discharge of 
waste matter into rivers and waterways be maintainea. The committee 
heartily endorses, therefore, the movement that is being made to keep the 
pollution of streams within reasonable bounds ” 

The problem of protection of our stvenms from pollution is one in whieh 
a general interest should be taken by everyone. Although the people on a 
stream below a city are directly effected, yet the urban population is 
affected indirectly by the food products such as vegetables and dairy 
supplies frem farmers adjacent te the streams. Rapid strides are now 
being made in the protection of our rivers from pollution, and it is hoped 


that problem can be effectually controlled before long. 


CoNIOLOGY. 


By Rosert HESSLER, 
(Abstract. ) 

In this paper, illustrated by charts, an attempt was made to shew the 
need for a new science, Coniology, the science that treats of dust. 

Until recently the importance of dust was not understood and appar- 
ently no serious attempt has been made to bring together the literature. 
To write a treatise that does the subject justice would require the co-oper- 
ation of many scientists, and the investigation of special problems would 
require the methods peculiar to different sciences. The aims and methods 
of the physicist, of the astronomer, the physician, of the bacteriologist, ete.. 
differ radically. 

There ave all kinds of dust.' 

Cosmic, voleanic and desert dusts collectively are the dust of the 
physicist, the astronomer and the meteorologist. Hust is of great import- 
ance in the matter of light and shade, of sunshine and rain. 

Dusts due to the activity of man are chiefly of three kinds, street. 
house and factory dust. These are concerned in the modern dust problem. 
The very practical aspect of the dust problem is of course that of keeping 
the house, the streets and cities clean; it is a constant warfare with dust 
and dirt. 

With an increase in occupations there is an increase in the special! 
kinds of occupational dusts; some of them are very injurious. 

Dust particles in the air are estimated by the number per cc. The 
first three forms of dust, the Gust of the physicist, occur sparingly on 
high mountains; there may be from a few to several hundred particles per 
ce. Over the ocean they run from a few hundred to several thousand. 
When we come to the dust of everyday Jife matters change. Street dust 
runs from tens of thousands to hundreds of thousands per ¢.c.; house dust 
from hundreds of thousands to millions. The amount of factory dust 
depends largely on ventilation, how fully it is carried off. 

Dust on high mountains and over the ocean is usually sterile, that is 


free from microbes. Dust in crowded communities, on the other hand, is 


+See Proceedings for 1911, page 415. 
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“full of germs.” Some of the microbes are pathogenic, capable of pro- 
ducing ill health and disease. The inhalation of infected dust produces 
Coniosis.* 

There is urgent need for an institution to study the Dust Problem, of 
Coniology and Coniosis, not only in making original investigation, but in 
collecting the literature and in gathering and distributing information. 

In a new science any one can assist, even simple observations are 


useful. 


1For a table on The Evolution of Dust see Proceedings for 196, page 47. 


Biraps THAT Destroy GRAPES. 
By Amos W. BUTLER. 


In my report on the Birds of Indiana, 1897,’ I referred to my obserya- 
tions concerning the grape-eating habits of the English sparrow. On 
another page reference is made to a similar reported habit which I have 
never observed myself of the Baltimore Oriole. Also note is made of the 
grape puncturing habit of the Tennessee Warbler,® which I have since had 
excellent opportunities several times to note. 

The fall of 1911, while an invalid, I spent much time in a large porch 
swing beneath our grape arbor at my home at Irvington, Indiana. In this 
way I had an excellent opportunity to observe the birds found among the 
grapevines and note their habits. In the fall of 1912, I made some 
further observations. We had both years the following kinds of grapes in 
bearing, Catawba, Concord, Brighton, Worden, Moore’s Early, Delaware 
and an unknown variety. In 1912 we had in addition Niagara fruiting. 
Those trained upon the arbor were all of two kinds, Concord, and the 
unknown variety—mostly the former. In 1911 the vines bore very heavily 
and generally both bunches and berries were undersized. In 1912 the 
Catawba and Concords upon the arbor bore fewer grapes, mostly of small 
size and ripened unevenly. The same varieties in other situations bore 
better fruit. The behavior of the birds too was different. While the first 
year mentioned there were a number of robins among the vines, the most 
notable visitors and by far the most destructive were two kinds of war- 
blers, the Tennessee Warbler and the Cape May Warbler. 

The second year these warblers were few and inconspicuous and there 
were more kinds of birds about the grapes. These included great numbers 
of robins, mostly migrants, together with many more English Sparrows and 
Bronzed Grackles, Flickers, and Blue Jays which feasted upon the fruit. 

1911. 
Sept. 9. Cape May Warbler, one puncturing grapes. 
Sept. 10. Cape May Warbler, one puncturing grapes. 
Sept. 10. Tennessee Warbler, two. 


1Report of state geologist, 1897, pp. 937-8. 
* Ibid, p. 904. 
3 Ibid, p. 1087. 
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Sept. 11. Tennessee Warbler, number. 

Sept. 11. Cape May Warbler, two at grapes. 

Sept. 12. Tennessee Warbler, several at grapes. 

Sept. 12. Cape May Warbler, eating many insects about grapes. 

Sept. 15. Tennessee Warbler, two at grapes. 

Sept. 13. Cape May Warbler, one about grapes, catching many insects, 
pecking at bees among grapes that had been picked. Saw 
none caught. Does it puncture grapes to draw insects? Ap- 


parently it makes one incision in a grape, while the Tennessee 
seems to strike the berries with partly open bill, making two 
The Cape May Warbler is a fighter, 
The 


incisions at each stroke. 
attacking Tennessee Warblers and driving them away. 


latter show fear of it. 


Sept. 16. Tennessee Warbler, several. 

Sept. 16. Cape May Warbler, one at grapes. 

Sept. 17. Cape May Warbler, two, brighter plumage than those heretofore 
seen and more wary. Drove away a Tennessee Warbler. 

Sept. 18. Cape May Warbler, two. 

Sept. 18. Tennessee Warbler. 

Sept. 19. Tennessee Warbler, several at grapes. 

Sept. 20. Cape May Warbler. 

Sept. 20. Tennessee Warbler. 

Sept. 21. Tennessee Warbler. 

Sept. 28. Tennessee Warbler, several, 

Sept. 25. Tennessee Warbler, several. 

Sept. 26. Tennessee Warbler. 

Sept. 26. Cape May Warbler, last seen. 

Sept. 27. Tennessee Warbler, several. 

Sept. 29. Tennessee Warbler. 

Oct. 1. Tennessee Warbler, common. 

Oct. 2. Tennessee Warbler, common. 

Oct. 2. Robins. For several days they have been abundant in flocks in 


all phases of plumage and all these are among the grape vines 
eating grapes and grape seeds. 
In 1912 the first bird seen eating early grapes was a Catbird on August 
» 
od. 


not been able to identify those engaged at it. 


August 25d the later grapes show evidences of birds’ work, but have 
September 15 the following 
birds observed eating Concord grapes: 


Robins, a number; Flicker, one; 


oo 


English Sparrows, several. A Black Poll Warbler was catching insects 
among the grapevines and afterwards disappeared among the branches. 
Did not see it eat any grapes. The warblers were late in appearing about 
the grapevines this year. They were not in numbers except for a few 
days. 

September 29 the following birds eating grapes: Flickers, Catbirds, 
Yellow Bellied Sapsucker (1), Tennessee Warblers, common, Cape May 
Warbler (1). These ate them on the vines, as did also many Robins here 
in all phases of plumage. young and old. These ate both from vines and 
ground, where berries had fallen, also berries of elder and poke. The 
Robins, Bronzed Grackles, English Sparrows, ate grapes on the ground. 
The Robins came in droves a week ago and have cleaned the vines of ali 
ripe grapes. The Sapsucker seemed to eat insects as well as grapes. 
Today saw first Cape May and yesterday first Tennessee Warblers. Have 
suspected them for several days past from punctured grapes noted. The 
Cape May and Tennessee Warblers, when alarmed, fly to the thick foliage 
of some young maples, where they are quiet, and from whence they can 
overlook the grape arbors. The Cape May has less fear of man than the 
Tennessee, though both permit quite close approach. They descend from 
the top of the arbor or dart like an arrow from the maple trees to drive 
away the Tennessee. ‘The latter evidently are much afraid of them. <A 
Cape May Warbler was both puncturing the few remaining berries and sip- 
ping stale drops from old grape skins. It carefully observes the bees 
around the vines turning its head and bending its neck to look, but 
decides not to teuch them. The ‘Tennessee Warblers also fight among 
themselves. Today one drove another entirely away from the vines. 
About the vines, too, were Blue Jays in loud voice, the first real jaying this 
fall. An Olive-backed Thrush flew up from the ground beneath the trellis. 
A Blue-headed Vireo was active among vines on the arbor. There, too, 
was a black ard yellow warbler looking for food. A Black-throated Green 
Warbler went among the vines where berries were thickest, catching insects, 
but was not observed to take a grape. The same may be said of a young 
Bay-breasted Warbler on another vine. The Sapsucker evidently was as 


interested in searching the joints in the arbor posts as the vines. 


Thirteen 


occupied by a number of Great Blue Herons. 
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A Heronry NEAR INDIANAPOLIS. 


By Amos W. BUTLER. 


miles southeast of Indianapolis is a remarkable heronry 


The Indianapolis papers, a 


year ago last May, published accounts of this interesting bird colony, but 


Great Blue Herons’ Nests Near Indianapolis. 
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called them cranes. A few days later, May 24, 1911, Dr. B. S. Potter, 
Superintendent of the Marion County Asylum for the Insane at Julietta. 
very kindly drove me to it. This heronry is situated in Section 23, Town- 
ship 5, Range 15, in Hancock County, Indiana. The land is owned by 
Anton Schildmeier, who came to it with his father in 1837, and it has 
been in the family ever since. The herons were first seen about five years 
before my visit. They occupied a timber tract of 70 acres, which remains 
to this day much as it was when the present owner came to it. It is a 
splendid bit of the primeval forest, containing some of the finest specimers 
of the characteristic trees of this latitude. No amount of money can 
tempt this eld pioneer to part with his big trees, which he loves so dearly. 
Neither will he permit a hunter or other person who is lixble to disturb 
the birds upon the premises. 

When the herons first occupied these woods they built their nests in 
sycamore and other trees. More recently they have chosen and are occu- 
pying the largest oak trees. 

At the time of my visit the leaves had come out so the ooportunity fer 
observation was not as good as it had been a little earlier. Dr. Potter 
reported that on a former visit that spring he had counted sixty-five nests. 
One tree contained thirteen. Those who have attempted to count them 
think there are about sixty birds. If this is true, some of the nests are old 
ones not occupied. Mr. Schildmeier, who is a careful observer, says they 
return every spring with the first few warm days in March. He has seen 
twelve to fifteen at one time feeding in the wet meadows along Doe run, 
which flows through the farm. When I visited the locality the eggs were 
hatched. ‘The young were making a noise and egg shells were Common 
under the large trees bearing the nests. 

To one who knows what to look for, these birds may be seen not only 
by travelers along the Brookville road, but also from the steam and trac- 
tion cars. Doubtless the nests are also visible when the leaves are off the 
trees. I am indebted te Paul Shideler for a very good photograph taken 


a short time before my visit. It is printed herewith. 
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FURTHER NOTES ON INDIANA BIRDS. 


By Amos W. BUTLER. 


The following notes on the birds observed in Indiana and adjacent 
states are worthy of record. 

Prairie Warbler. Dendroica discolor (Vieill.) 

Mr. Philip Baker shot a specimen of this warbler near Helmsbure, 
Brown County, July 7, 1910, and another near the same place July 15, 
910. Both cf these were sent to me for verification. He learned ther 
song. July 22, 1910, he heard another in a different locality. In 1911 he 
heard one cn May 7 and another June 14. In 1912 he saw two on May 27, 
and June 25 heard five near Nashville. All of the above were in Brown 
County. Mr. Baker says they frequent the sassafras thickets of aban- 
doned hillsides. He adds, “I have no doubt the birds could be fount 
nesting in this and similar localities in Brown County.” Some of the 
above dates, it will be observed, come within the breeding season. 

Mr. Percival Brooks Coffin reports a male of this bird from Millers, 
Lake County, Ind., May 16, 1908. One was noted by Miss Hazel Heath 
at New Paris, Ohio, April 11, 1909. Prof. Norman A. Wood, Ann Arbor, 
Mich., notes one at that place May 11, 1909; next seen May 12. Rare. 
Does not breed. 

Miss Caroline M. Carpenter, of Richmond, Ind., in a list of birds 
identified at Lake Maxinkuckee between May S and 16, 1911, reports this 
bird. 

Yellow-headed Blackbird. Xanthocephalus xanthocephalus (Bonap.). 

Mr. Percival Brooks Coffin of Chicago reports a Yellow-headed Black- 
bird at Millers, Lake County, Indiana., May 16, 1909. Mr. Clarence Guy 
Littell reports seeing one at Winona Lake, Kesciusko County, the summer 
of 1902. Ind. Univ, Bull. Vol. 1. No. 4, 1903, p. 57.) 

White Pelican. Pelecanus erythrorhynchos Gmel. 

Professor Glenn Culbertson, Hanover College, reports that a White 
Pelican was killed on the Ohie River near Hanover, Jefferson County, 
May 6, 1909. Miss Hazel Heath informs me of the occurrence of two of 


these birds at New Paris, Ohio, August 22 and 23, 1912. 
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Redpoll. Acanthis linaria linaria (Linn.). 

One seen March 7 and again March 12, 1909, at Ft. Wayne, Ind., by 
Mr. Harry A. Dinins and Mr. Chas. A. Stockbridge. Two reported at 
Roanoke, Ind., by Mr. Harry A. Dinins December 10, 1911. 


Mr. Norman A. Wood reported 500 seen at Ann Arbor, Mich., December 
19, 1908S; again noted December 28, and last seen March 3, 1909. They 


are noted as common some years; other years absent. 

Prof. E. L. Moseley reports one at Sandusky, Ohio, April 26 and agair 
May 13, 1911. 
Have Swallow: Cliff Swallow. Petrochelidon lunifrons lunifrons (Say). 

About fifty of these swallows were seen by Mr. Harry A. Dinins and 
Mr. Charles A. Stockbridge at Ft. Wayne, Ind., April 30, 1909. They 
were again noted May 1. Reported as tolerably common at that station 
but not given as breeding. Bicknell, Ind., September 2, 1910. Breeds; 
getting rare, nesting at Bicknell, Knox County, in the summer of 1911, is 
a report of Mr. E. J. Chansler. Lyons, Greene County, seen September 
5; next September 6G; last seen September 17. Rare; does not breed. 
(Prof. W. B. Van Gorder.) The same writer also states, when a boy in 
Noble County, there was a barn one-half mile east of Avilla, which had 
over 100 nests of the Cliff Swallows. <A half mile north of that town was 
another barn with some 40 or 50 nests. These birds all disappeared more 
than twenty-five years ago. Last August (1910) in Avilla, he found a 
little colony of Cliff Swallows and ten nests close in a row along the 
eave of a barn. Six of these birds were noted by Mr. Harry A. Dinins at 
Roanoke, Ind., August 23, 1911, where he reports them as common and 
breeding. 

Wawaka, 1911. In this neighborhood there are three or four small 
colonies of Eave or Cliff Swallows. “About one mile from my home there 
is a small barn which has under its eaves fifty-three nests of this 
swallow.” O. A. Renahan. 

Prof. D. W. Dennis tells me of two localities in Wayne County where a 
few pairs still nest. 

Where are the great numbers that formerly built their cnrious bottle- 
shaped nests of mud under the eaves of the farmers’ barns? 

White-winged Crossbill. Loxia leucoptera (Camel.). 

A number reported near Brookville, Ind., in the winter of 1909 and 

1910, under date of February 14, 1910, by Mr. Joseph F. Honecker. 


Wood Duck. Aix sponsa (Linn.) 
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Worthington, nd. Female shot April 10, 1909. Reported by Prof. 
W. B. Van Gorder, who says it breeds in that vicinity. In a letter dated 
December 26, 1910, the same writer says a man while mowing clover near 
White River in June last, found a number of little ducks. He secured six. 
Three died. Some two months after he got them, one of these died. ‘The 
remaining two were subsequently transferred to Mr. William Holton Dye, 
Noblesville, Ind. They proved to be young Wood Ducks. 

Henslow’s Sparroiv, Passerherbulus henslowi henslowi (Aud.). 

Mr. Norman A. Wood of Ann Arbor, Mich., reports finding a male 
Henslow’s Sparrow dead at that place April 18, 1909. May 1, 1909, he 
reports two shot, one a female. Very rare. This is the first record 
for that locality. 

Rough-legged Hawk. Archibuteo lagopus sancti-johannis (Gmel.). 

Bicknell, Knox County, Indiana. First seen December 23, 1908; next 
seen December 24, and iast seen December 29. Same locality November 12, 
1910, one. Next seen November 15; last seen December 3. Noted as com- 
mon that fall. E. J. Chansler. 

Horet. Werodias egretta (Gmel.). 

Mr. E. J. Chansler reports them from Bicknell, Ind., July 25, 1910, and 
last seen in that locality August 30, 1910, and says: “Common this fa!l 
on ponds and other good feeding places.” 

Greater Snow Goose. Chen hyperboreus nivalis (Torst.). 

Mr. Chansler reports seeing two hear Bicknell, October 23, 1910. He 
marks them as rare, and says: ‘These geese were observed in a flock 
of Canada Geese. Usually we find them either with Canada Geese or with 
Hutchins’ Geese, but sometimes in a flock by themselves.” 

Wood Ibis. Mycteria americana (Linn.). 

Prof. W. B. Van Gorder, Lyons, Greene County, Indiana, informs me 
that a Wood Ibis was killed on White River near that place June 27, 1910. 
lt had been seen in that vicinity for a month prior to that time. ‘rhe 
Indianapolis News, July 16, 1910, reported the killing of a Wood Ibis 
in Brown County. Upon my request, Mr. Philip Baker, an accurate and 
reliable observer, was asked to verify the record. He was able to secure 
for me the accompanying photograph of this bird from Mr. W. W. Frazer, 
Mt. Liberty, Ind. 

Prof. W. B. Van Gorder says a number of Wood Ibises were seen in 
Greene County the summer of 1911. They arrived near Marco about 
the middle of June and left about September 10. ‘The person who shot 
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the one IT reported last vear told me there were several small droves of 
15-20 and at one time he thought there must have Deen 40, Several 
were shot. They were about the trees and marshes along White River.” 
Evening Grosbeak. Hesperiphona vespertina vespertina (W. Coop.). 

Prof. E. lL. Moseley, Sandusky, Ohio, reports an Evening Grosbeak was 
shot at Huron, Ohio, January 21, 1911. Mr. Robert S. Campbell reports 
six Evening Grosbeaks at South Bend, Ind., the morning of April 11, 1912, 
and adds: “They were feeding on the seeds of a box elder tree. They 


were very tame. I was within six feet of them.” 


Wood Ibis Killed in Brown County, Indiana. 


Mr. Norman <A. Wood, Ann Arbor, Mich., writing under date of 
Mareh 15, 1911, says, “A few Ivening Grosbeaks were here this winter.” 
Prairie Chicken. Tympanuchus americanus americanus (Reich.). 

Knox County; rare resident; still found on Shaker prairie, western 
part of this county on the Wabash River. (KE. J. Chansler.) 

Mr. George W. Miles, State Commissioner of Fisheries and Game, is 


reported in the Indianapolis papers, October 22, 1912. as saying, ‘“‘A con- 
. pS 
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servative estimate of the number of prairie chickens now in Indiana is 
100,000. The counties about the Kankakee basin hold the majority of 
the game birds. ‘There are approximately five hundred birds in Kosciusko 
County, one thousand in Fulton County and between twelve thousand and 
fifteen thousand in White County. Other counties mentioned as haying 
these birds in them are Pulaski, Jasper and Starke. 

Wild Turkey. Meleagris gallopavo silvestris (Vieill.). 

Knox County. Seen by Mr. Crow on a hill near the governinent dam 
on the Wabash River in the southern part of this county in 1909. The bird 
is probably extinct or nearly so. Mr. Mathias Pickel, of the extreme south- 
ern part of this county. on the Wabash, and a very wild locality, claims 
that he has not seen any Wild Turkeys since 1904. (KH. J. Chansler). 

The Indianapolis News, October 18, 1912, in an answer to a correspond- 
ent contains these words: “There is a man now living in the city (Indiana- 
polis) who has shot wild turkeys between Washington and North streets. 
The Rey. J. C. Fletcher, son of Calvin, said that one day in 1834, when 
walking with his father, he saw a flock of wild turkeys light in a tree 
in what is now Military Park. In early times it was not uncommon 
for a hunter to kill fifteen or twenty in a day, and as late as 1841 one was 
captured in the Circle.” 

Snowflake: Snow Bunting. Plectrophennx nivalis nivalis (Linn.). 

Indianapolis, Ind., December 23, 1901. Miss Florence Howe, who re- 
ported them says: “This is the only time I have seen the Snowflakes 
around here. ‘There was a flock of about one hundred. The day was very 
snowy and the wind blowing. I stayed watching them for an hour or 
more and then they flew away. 
Double-crested Cormorant. Phalacrocorax auritus auritus (Swaims.). 

A bird of this species was taken at Wawaka, Ind., October 24, 1912, 
according to Mr. O. A. Renahan, who has the skin in his possession. 
Pileated Woodpecker. Phiceotomus pileatus pileatus (Linn.). 

Mr. Philip Baker reports seeing one near Helmsburg, Brown County, 
Indiana, May 5, 1911. 

Passenger Pigeon. FEctopistes migratorius (Linn.). 

The Passenger Pigeon is probably now extinct. Many of us remember 
it as the Wild Pigeon of our childhood. Our parents told of the wonderfut 
flights they had seen; of the enormous number which no one could count 
or approximately estimate; of roosts covering many square miles of wood- 


land when the birds settled upon the trees in such numbers that great 
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limbs were broken by their weight. All these countless numbers of wild 
pigeons have disappeared, and notwithstanding hundreds of dollars have 
been offered for evidence of the occurrence or nesting of these birds in 
recent years, no authentic report has been received. Specifically, it may 
be said a reward of $1,500 for knowledge of a nesting pair of Wild Pigeons 
was recently made by members of the National Association of Audubon 
Societies. The reward stood for two years closing December 1, 1911, and 
no one came forward to claim the prize. 

In view of these facts it is appropriate to refer to the last reports of 
the occurrence of the Passenger Pigeon in Indiana, some of which have 
been previously printed. 

Franklin County, near Oak Forest, July 18, 1898, nesting. October 23, 
1898, seen. July 10, 1899, noted. May 18, 1906. July 13, 1806, several 
seen and reported nesting. 

A bird of this species was taken in Shelby County, September 24, 
1898, and was mounted and preserved. I! have seen this specimen. 

Other Indiana specimens of the Passenger Pigeon known to me are as 
follows: 

One of two found dead in winter in the woods near Brookville, Ind., is 
still in the collection of the writer. The other was presented to a 
museum in Europe. 

My information is there is a specimen now in Richmond, Ind., obtained 
by Albert Stauber in September, 1872; also another in the collection of 
Earlham College, obtained by John B. Dougan in the fall of 1873. Mr. 
Walter S. Ratliff says these were obtained at the great pigeon roost in 
Center Township, Wayne County, three miles west of Richmond. 

The last verified record for this State is from Franklin County. Two 
birds were seen, and one was shot, near Laurel, April 3, 1902. The speci- 
men taken was submitted to the writer for verification. and was returned 
to Mr. C. Ik. Muchmore, the owner, at Laurel. 

Hermit Thrush. Turdus aonalaschkoe pallasii (Cab.). 

Mr. C. H. Smith reports one at New Castle, Ind., November 10, 1912. 

Mr. Philip Baker took a bird of this species near Helmsburg, Brown 
County, Ind., January 9, 1911. He sent me the wings and tail for verifi- 
cation. 

Ardea herodias wardi. Ridgway. 


In his paper “A Reyisicn of the forms of the Great Blue Heron 
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(Ardea herodias Linneus)’? Mr. Harry C. Oberholser classes the birds that 
have been found breeding in the lower Wabash VaJley under this form. 
He gives measurements of six specimens taken by Mr. Robert Ridgway at 
“Cypress Swamp hear mouth of White River, southwestern Knox County, 
Ind.” The breeding range of the typical form, Ardea herodias Linn., he 
gives as from Central Indiana northward. 


1Proc. U. S. Nat. Mus., Vol. 48, pp. 531-558. 
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FurtHer Notes ON THE SEEDLESS FRUITS OF THE COMMON 
PERSIM MON- 


Diospyros virginiana lL. 


D. M. MortTier. 


Persimmon trees grow in two different locations on the campus of 
Indiana University. <All of these are pistillate. One group of trees stands 
near the center of the quadrangle, surrounded on all sides by large and 
small forest trees, chiefly of maple, elm and beech. Another tree grows at 
the edge of the grounds near a street. Other persimmon trees, both stam- 
inate and pistillate, occur in the town, the nearest being two blocks distant. 

This year the tree near the street bore heavily, all the fruits being 
fine, large berries with seeds. The trees near the center of the quadrangle 
bore fruits, but in smaller quantities per tree. These fruits were smaller, 
ripening naturally later and containing, as a rule, fewer seeds per berry. 
Moreover, there were a number of purely seedless fruits. The proportion 
of fruits with only one or two seeds was much greater than in the case of 
the former tree. Seedless fruits and these with only one or two seeds 
are, as a rule, much smaller than those having several seeds. 

According to experiments thus far carried out the seedless fruits of 
the common persimmon are due to a lack of pollination or, at least, of 
fertilization, and the seedless berries, which have the same flavor as those 
with seeds, represent cases of parthenocarpy. The trees near the center 
of the quadrangle, being surrounded by other trees, are doubtless less 
readily found by bees. ‘The trees out on the farms in this county which 
bear seedless fruits in noticeable quantities are usually those that are some 
distance from staminate trees. To my knowledge there is no seedless strain 
of the common persimmon in Indiana. 

An attempt to ripen the fruit artificially was successful. The method 
used is an exceedingly simple one, and consists in enclosing the fruits in 
Mason jars and allowing them to remain in a cool place in the basement, 
for from ten days to two weeks. The lids of the jars were screwed on 
without rubbers. 

The fruits were taken from the trees soon after the leaves had begun 
to fall. The berries were fully developed, with very firm flesh, and 
astringent beyond description. When taken from the jars at the expira- 
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tion of the time mentioned, the fruits were soft, juicy and without a trace 
of astringency. 

According to Lloyd (Science, N. S., 34: 924-928, 1911) the ripening is 
brought about or hastened by the action of carbon dioxide, produced, of 


course, by the fruits themselves in respiration. 
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THe Mosses oF MONROE COUNTY. 


By F. Jl. PickeTT AND Mitpren NOTHNAGEL. 


The only lists of Indiana mosses the writer has been-able to find are 
as follows: A list of G9 species reported from Jefferson County by A. H. 
Young in 1876, and published in the Botanical Gazette of that date; a list 
of 13 species reported by W. S. Blatchley in March, 1887, and included in 
a thesis listing the plants of Monroe County under that date; a list of 49 
species reported by L. M. Underwood in the Proc. Ind. Acad. Sci. for 1895; 
a list of 9 species reported by Guy Wilson from Hamilton County in the 
Proce. Ind. Acad. Sci. for 1894. secause of the meagerness of some of 
these lists and the changes in Classification resulting from careful study 
of mosses since the publication of tie first of these lists, there seems to be 
room for a new check list of Indiana mosses. As a beginning of such a 
list the present report is presented. 

Barly in 1911 a small collection of mosses maturing their spores in 
spring and early summer was made. A fuller collection of forms fruiting 
in fall and early winter was made in 1912. The material of this later 
collection has been carefully identified, and that of the earlier collection 
reindentified, altogether making a list of 51 species and 3 varieties from 54 
genera and 12 families. With the exception of forms easily determined, 
only fruiting forms have been considered. The list as given includes but 
five sterile forms. 

In every case herbarium preparations have been made. These are of 
two kinds. Fresh specimens of individual plants and of small typical 
groups were taken from a moist chamber and quickly dried under a pres- 
sure of 100 pounds to 150 pounds and then glued to cards for preservation 
in envelopes on herbarium sheets. Other specimens were allowed to dry 
without pressure in mats or tufts as they grew, and then kept in card- 
board trays. The latter specimens are of special value as material for 
future comparison and to show the habit of the dried plants. Notes of 
time and place of collection, of substrata, appearance of the sporophyte at 
the time of collection, appearance of plants under normal conditions, and 
any peculiarities due to season and variation from type are recorded. 


Important cbservations touching these points are given under each species 
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in the list. Only Monroe County mosses are included in the present report, 
but it is hoped that there will be time and opportunity to later extend the 
list to include at least all the common mosses of Indiana. 

In general it may be said that the past season has been unusually 
favorable for the growth and development of mosses, and as a result it has 
been possible te collect some very interesting forms. Among these should 
be mentioned Anomoden attenuatus with regularly pinnate to plumose 
habit due to strong secondary growth from lateral buds, the formation in 
fall of a second crop of spores by such spring fruiting forms as Campylium 
chrysophytlum, Funaria flavicans, F. hygrometrica and Weisia viridula, 
and the presence of a fairly abundant supply of spore cases on such rare- 
fruiting forms as Leucobryum glaucum, Plagiothecium deplanatum and 
Thuidium delicatulum. 

The work of identifying mosses is tedious and time consuming, and in 
the main requires much careful observation with the use of a good com- 
pound microscope. The writer has found that only after the collector is 
quite well acquainted with group characters can he do any satisfactory 
work without a good microscope. The most helpful work on Classification 
is A. J. Grout’s “Mosses with a Hand-lens and Microscope,” with its usable 
keys, distinctive descriptions and splendid illustrations. ‘The older man- 
ual of Lesquersux and James is often of value for descriptions of varie- 
ties and of rarer forms not described in Grout’s work. In preparing the 
list the arrangement and nomenclature of Grout have been used. Specially 
difficult specimens have been referred to Dr. Grout for identification, and 
his name appears in connection with such. 

Order BRYALES. 
Suborder NEMADONTE. 
Familiy Polytrichacee. 
Catharinea undulata (l.) W. & M. (37, 64). Mature spore cases October 

Zk 

Common along shady roadsides and in light woods, on clay. 

Pogonatum brevicaule (Brid.) Beauy (10). Mature capsules September 15. 

On damp clay banks. Common. 

Polytrichum commune L. (47). Spores in April. 

On shady hillsides. Common. 

P. ohioense R. & C. Spores in April. 


On shady hillsides. This is the form usually met with in the neigh- 
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borhood of Bloomington, and is distinguished from P. commune by its 

longer and usually darker capsule. 

P. piliferum Schreb (23). Sterile forms only. 

On dary clay hillside in woods 3 miles northeast of Bloomington. Not 
common. 

Suborder ARTHRODONTE 2. 

Family Fissidentacea. 

Fissidens bryoides (l.) Hedw. (44, 56). Mature capsules in November. 
On damp rocks (limestone) in well shaded ravines. Common but 

easily overlooked because of minute size (5-Smm.). 

F. cristatus Wils. (67). Mature capsules November 9. Determined by 
Dr. Grout. 

This form usually matures spores in summer. Found in dense, dark 
green mats on quite damp soil in woods 5 miles southeast of Bloomington. 
Not common. 

F. incuryus var, minutulus. Austin (45). Mature capsules November 9. 
On damp limestone in same places and milgled with F. bryoides. 

Family Dicranacee. 

Dicranella heteromalla (J..) Schimp. (41). Mature capsules in November. 
In small tufts with Leucobryum glaucum on dry hillside 6 miles south- 

east of Bloomington. Rare. 

D. varia (Hedw.) Schimp. (30). Mature capsules in October. 

In small, dense tufts on clay and cinder piles. Common. 

Dicranum scoparium (L.) Hedw. (19, 65). Mature capsules September 
and October. 

On soil and damp decayed wood in shady hillside woods. Common. 
Leucobryum glaucum (Il.) schimp. (21). Mature capsules in October. 

On shady clay bank at head of Huckleberry Ravine. The only fruit- 
ing specimen known to have been found in Monree County was found by 
Miss Nothnagel as above stated on October 4. 

Family Tortulacea. 

Barbula unguiculata (Huds.) Hedw. (53). Mature capsules in November. 
On shaded clay banks along roadside. Common. 

B. unguiculata var. obtusifolia (Schultz.) B. & S. (29). Mature capsules 
in October. In crevices of walls of limestone quarry of Odlitic Stone 
Mills Company. Uncommon. 

Didymodon rubellus (Hoffm.) B. & S. (63). Mature capsules in December. 
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On clay and stone near warm water near condensing tank of I. U. 
power house. 

Weisia viridula (J..) Hedw. (28). Mature capsules April, 1911, also in 

October, 1912. 

On thin clay soil over stone and in sunny pastures. Common. 

Family Orthotrichacea. 
Orthrotichum porteri Aust. (8). Mature capsules April, 1911. 

This rare moss has been found freely fruiting and in considerable 
quantity on the limestone bordering the main stream feeding the I. U. 
Water-works pond. 

Family Funariacee. 
Funaria flavicans Mx. (32). Mature capsules in October. 

On stone waste at quarry of Odlitic Stone Mills Company. This was 
probably a second growth specimen, as this species usually fruits in spring. 
Not common. 

I’. hygrometrica (L.) Sibth. (12). Mature capsules September 28. 

On clay bank in Lively’s woods. This form usually fruits in spring. 
Physcomitrium immersum Sulliy. Mature capsules summer and autumn. 

Very common on pots in greenhouse and on Clay in fields. 

IP. turbinatum (Mx.) Brid. (4). Mature spores in spring and early 
summer, 

Very common in lawns and pastures or old stubble fields. 

Family Aulocomniacea. 
Aulocomnium heterostichum (Hedw.) B. & S. (8S, 18). Mature capsules 

May, 1911. 

On damp humus between rocks, shady bank. Occasional. 

Family Bartramiacea. 
Sartramia pomoformis (L.) Hedw. (1, 66). Mature capsules in May. 
In bright, yellowish green cushions on moist, Shady banks. Common. 
Family Bryacce. 
sryum argenteum L. (11). Mature capsules in September. 

Very common on yellow clay. This is the small moss usually found 
in small silvery cushions between the bricks of sidewalks. 
B. capillare L. (55). 

Only one specimen found and that showing empty capsules November 
22,1912. Among lichens on damp clay bank “Huckleberry” Ravine. Rare. 
Mnium affine ciliare (Grey.) C. M. (57). Mature capsules in March and 

April. 


Large spreading mats on rotten wood in shady, damp places. Common. 
M. cuspidatum (l.) Leyss. (36,69). Mature capsules in April. 

On damp, decaying wood in shade. Common. 

IRthodobryum roseum (Weis.) Limpr. (GO). Sterile. 
On damp rotten wood and on damp soil. Occasional. 
Pohlia nutans (Schreb.) Lindb. (5). Mature capsules in May. 
On damp, shady clay bank, Griffy Creek. Uncommon. 
Family Leskeacee. 
Anomodon attenuatus (Schreb.) Huebn. (52). Mature capsules in Noyeim- 
ber. 

In close mats on damp rocks and rotten wood: This was found fruit- 
ing plentifully although reported as rarely fruiting. Some beautiful regu- 
larly pinnate specimens were found. 

A. rostratus (Hedw.) Schimp. (14). Mature capsules in October. 

Coarse, green, velvetty mats at base of trees. Common. Determined 

by Dr. Grout. 

Thuidium delicatuluin (L.) Mitt. (27, 50). Mature capsules in October. 

Although this species does not commonly fruit, several collections of 
fruiting plants were made this season. This, in sterile form is quite 
abundant, forming wide-spreading mats of beautiful fernlike branches on 
damp, rotten logs. 

T. pygmeum Br. & Sch. (42). Mature capsules in November. 

Found in but one place, but quite plentiful there. In mouth of cave 
on stone and Clay, one and one-half miles nerth of Bloomington. 

Thelia hirtella (Hedw.) Sulliv. (49, 61). Mature capsules in November. 

On bark of dead and decaying logs in dry shaded places. Occasional. 

Family Hypnacee. 
Amblystegium riparium B. & 8. (51). Sterile form only. 

Attached to stones and soil in shallow running water above I. U. 
Water-works. 

Bracythecium oxycladon (Brid.) B. & S. (15, 39). Mature capsules in 

October and November. 

On damp stones and rotten wood. Common. 

B. plumosum (Sw.) B. & S. (16,38). Mature capsules in November. 

Thin spreading mats closely applied to damp rocks and Clay. 

B. rutabulum (l.) B. & 8S. (17). Mature capsules in November. 

On wet rocks and soil. 


74 


B. salebrosum (Hoffin.) Br. & Sch. (54). Mature capsules in November. 
On wet, rotten wood, Griffy Creek, shady bank. 
B. starkei (Brid.) B. & S. (40). Mature capsules in November. 
In shaGy ravine on damp decayed wood with B. salebrosum. 
Campylium chrysophyllum (Brid.) Bryhn. (18). Mature capsules in Oc- 
tober, although this species is supposed to mature its spores in early 
summer, 
On damp Clay-covered rocks in shady ravines. Common. Determined 
by Dr. Grout. 
Climacium americanum Brid. (54). Sterile only. 
One dry soil in shaded places. Occasional. 
Entodon cladorrhizans (Hedw.) C. M. (381,42). Mature capsules October. 
On damp decaying logs in shade. Common. 
I. seductvix. (Hedw.) C. M. (35). Mature capsules in October. 
In close mats on dry, shaded rotten logs North Pike. 
Eurhynehium serrulatum (Hedw.) Kindb. (48). Mature capsules empty 
in November. 
In shady ravine on damp rotten log, near Jackson Creek. 
Hypnum curvifolium Hedw. (2). Mature capsules in April. 
On damp underbrush and decayed wood, shade, near water. Huckle- 
berry Ravine. 
H. imponens Hedw. (46). Mature capsules in November. 
In shady ravine on damp decayed wood 6 miles east of Bloomington. 
Plagiothecium deplanatum (Sch.) Grout. (22). Mature capsules in Oc- 
tober. 
This species, usually reported as rarely fruiting, was found with abund- 
ance of capsules. On damp soil, Huckleberry Ravine. 
IP. geophilum Aust. (58). Mature capsules in November. 
Abundant on rocks in Huckleberry Ravine. Found fruiting plentifully 
Platygerium repens (Brid.) B. & S. (25,33,68). Mature capsules in 
October. 
At base of trees and on dry rotten logs. Common. Determined by 
Dr. Grout. 
Pylaisia schimperi R. & C. (7,24). Mature capsules in October. 
On trees, living Juglans cinerea, Huckleberry Ravine. 
Raphidostegium carolinianum (C. M.) J. & S. (26). Mature capsules in 
October. 


On damp rocks in ravine. Common. 
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R. carolinianum var. admixtum Sulliy. (48,59). Mature capsules in Oc- 
tober. 
On vocks on dry hillsides. Occasional. 
Family Leucodontacca, 


+ 


Leucodon julaceous (Hedw.) Sulliv. (6). Sterile only. 
On bark of living trees, Huckleberry Ravine. 
Note.—The numbers given after the species are the numbers of the 


specimens as arranged and left in Indiana University herbarium. 


TI. U. Botanical Laboratory. 
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LENGTH OF LJFE OF ARISAEMA TRIPHYLLUM CoRMS. 


Jee J, Ib, Jeiccieaarie, 

In the summer of 1908 the writer’s attention was called to the simi- 
larity in the number ef growth periods of A. triphyllum corms coming from 
plants that must have been of widely different ages. Three years’ observa- 
tion of mature plants in the field and garden as well as a study of seed- 
lings has led to the conclusion that the corm has a fairly well fixed life 
period. 

The underground stem or corm of A. triphyllum is an irregular, fiat- 
tened, oval body composed of an inner starch bearing parenchyma mass, 
traversed here and there by vascular strands, covered with a thin layer of 
brown, scurfy cork, and surmounted by a conical bud. The lower side is 
flattened, much wrinkled and often bears patches of loose, disorganizing 
cork tissue. The bud at the top is rather large—in mature plants measur- 
ing from 825mm. through the base—and contains the leaves and flowers 
for a succeeding year’s growth inclosed completely by closely convolute, 
thick, fleshy scales. This bud is formed in late spring, within the petiole or 
petioles of the aerial leaves, Dut is left exposed by their decay. The roots 
grow out from the base of the bud scales and so are quite near the outside 
of the petiole bases. 

The falling away of leaves and roots at the end of the growing season 
leaves a scar, marked by a depression in which the traces of vascular 
bundles are clearly visible, and extending entirely around that part of the 
corm just newly formed below the petiole bases. This large scar is a 
readily usable guide in counting the number of annual growth periods in a 
given corm. ‘The number of growth pericds may also be determined 
through the following facts. Vigorous plants usually form one or more 
lateral buds of varying size at the base of the petioles each year. These 
buds are carried down, with very little change in size or appearance, by 
the growth of each succeeding year, and so form a record. The interesting 
fact has been observed, that after a corm has reached four growth periods, 
its size seems to have nothing to do with the number of such periods, and 
that mature plants under observation for three years show the same num- 


ber of record scars as at the beginning of the observation period. It has 
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also been observed that the lateral buds remain dormant until detached 
from the parent corm, and that four year old buds at the end of their 
fourth season are attached not to the corm but to the disorganizing cork 
fragments at its base. 

An examination of the internal structure of mature corms at different 
times in a growing season shows the following features. At the begin- 
ning of growth in March the starch-filled parenchyma is a homogenous 
mass. When the flowers and leaves are just above ground a lower region 
of the parenchyma, corresponding to the four year old portion, shows signs 
of softening, becoming more translucent and containing less starch. As 
the season progresses this condition of change increases until at or soon 
after the time of fertilization of the flowers, there is little but disorgan- 
ized parenchyma and scattered vascular strands in the oldest portion. 
Hxamination with the microscope at this time will show that a complete 
separatory layer of phellogen has been formed so as to extend between 
the three and four year old portions, cutting off the older and protecting 
the younger with a layer of cork cells. 

The formation and growth of A. triphyllum corms is greatly influ- 
enced by food and climate. The variation in size of mature corms may 
very probably be the direct result of these influences. Certain it is that 
some corms lie dormant one year or longer and then grow vigorously 
Then again conditions might require an extra amount of reserve food for 
the perfection of fruit in some unfayorable season and so shorten the time 
of some growth zones. In the majority of cases, barring very unusual con- 
ditions, regardless of the number of years since the germination of the 
seeds from which they sprung or since their separation as lateral buds 
from mature corms, the underground stems of A. triphyllum are four 
years old. 
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ACETIC ALCOHOL AS A KILLING AND FIXING AGENT IN PLANT 
HistTouoey. 
lspe ING Ib, Jeioiccisaet 

The writer has found a solution of 5-S% of glacial acetic acid in 
absolute alcohol a splendid killing and fixing agent in preparing histologi- 
eal material. Hor the best results the alcohol should be heated to. its boil- 
ing point on the water bath befere the addition of the actd and specimens. 
For large pieces of stems with well developed wood, the fixing agent is 
prepared in a flask and is allowed to boil after the specimens have been 
placed in it. Tight corking of the flask and immediate cooling causes the 
withdrawal of air from vessels and spaces and allows immediate penetra- 
tion of the reagent. The acid should be washed out with three or four 
changes of alcohol and then the specimens imbedded in paraffin in the 
usual manner. Hard specimens should be washed in alcohol and then be 
placed in a mixture of three parts SO% alcohol and one part glycerine for 
preservation. 

This solution has been used successfully with leaves, rust, stems, 
embryos in situ. It has the advantage over alcohol alone of causing less 
shrinking and of fixing cell contents quite well enough for this line of 
work. Specimens are not discolored by precipitates, as is often the case 
with chromic acid mixtures; and much time is saved by the elimination 


of long washing in water and dehydration before imbedding. 


PLANTS NoT HITHERTO REPORTED FROM INDIANA. 


By Cuas. C. DEAM. 


The following species are new to the flora of Indiana. The grasses 
and species of Crataegus were determined by the Department of Agriculture 
Washington, D. C.; the grasses by Agnes Chase, and the Crataegi by W. 
W. Eggleston. Duplicates of all of the species are deposited in the her- 
barium of that department. The Carices were determined by Kk. K. Mack- 
enzie who retained duplicates for his herbarium. Other determinations 


are credited to the proper authorities. 


Panicum Boscii molle H. & C. 
Greene County, May 26, 1912. No. 10,676. In a woods about 1 mile 


southeast of Bushrod. 


Panicum stipitatum Nash. 

Washington County, August 16, 1912. No. 12,090. Abundant on the 
slopes of the bank and riffles of a very small creek, coursing through a 
cultivated field on the south side of the Henryville road about five miles 


east of Norris. 


Calamagrostis cinnoides (Muhl.) Barton. 
Marshall County, July 2, 1911. No. 9,014. In a ditch on the west side 


of the right of way of the railroad, about two miles south of Culver. 


Poa Chapmaniana Scribn. 
Clark County, May 8, 1912. No. 10,486. On the sterile wooded slope 


of the ravine just north of Tract 28 on the Forest Reserve. 


Bromus inermis Leyss. 

Howard County, July 12, 1912. No. 11,663. Abundant along the right 
of way of the Lake Erie Railroad for half a mile south of Dyer’s Stop on 
the traction line, and along the roadside east of Dyer’s Stop. It forms 
complete stands and is crowding out the blue grass along the railroad and 


roadside. The indications are that it may become a pernicious weed. 


Fimbristylis Frankii Steud. 
fLiaporte County, August 18, 1911. No. 9,590. On the sandy shore of 
6—33213 
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Pine Lake near Laporte. Associated with Hemicarpa micrantha, Scirpus 
Smithii and Juncus pelocarpus. Determined by H. H. Bartlett. 
Scirpus pedicillatus Fernald. 

Brown County, October 15, 1911. No. 10,318. On the top of a hill 
along Bean Blossom Creek about one-half mile south of Trevlac, in a 
small depression in a beech woods. Determined by H. H. Bartlett. 

Carex abscondita Mack. (Carex ptychocarpa Steud.) 

Crawford County, May 26, 1911. No. 8463. In a beech woods one- 
half mile north of English. Jennings County, June 23, 1912. No. 11,305. 
In a beech woods along the north fork of the Muscatatuck River about 
one-half mile above Vernon. 

Carer Bebbii Olney. 

Noble County, June 20, 1910. No. 6,723. In a swamp about one-half 
mile northwest of Rome City. 

Carex caroliniana Schwein. (Carex triceps Smithii Porter). 

Greene County, May 26, 1912. No. 10,726. In a moist woods one-mile 
north of Bushrod. Jackson County, June 6, 1911. No. 8,585. In a woods 
cne-fourth mile south of Chestnut Ridge. Posey County, May 28, 1911. 
No. 8,304. On the wooded bank of the cypress pond near Bone bank 
along the Wabash River. 

Carex chordorrhiza L. f. 

Kosciusko County, June 5, 1912. No. 10,928. Growing in sphagnum 
moss in a tamarack swamp one mile south of Leesburg. 
Carer Emoryi Dewey. 

Hamilton County, May 19, 1912. No. 10,548. Collected by Mrs. Chas. 
C. Deam in a swamp about one-half mile northeast of Carmel. 

Carex laevi-vaginata (Wuken) Mack. (Carer stipitata laervi-vaginata 

Kuken ). 

Decatur County, May 26, 1912. No. 10,738. Collected by Mrs. Chas. 
C. Deam in a wooded ravine along Flat Rock River about one-half mile 
above St. Paul. Hendricks County, June 1, 1912. No. 10,881. Collected 
by Mrs. Chas. C. Deam in a wooded creek bottom along Little Walnut 
Creek about two miles south of North Salem. 

Carer praivea Dewey. (Carer diandra ramosa (Boott) Fernald). 
Noble County, June 20, 1910. No. 6,718. In a peat bog about one- 


fourth mile northwest of Rome City. 
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Dianthus Armeria J. 

Brown County, June 16, 1912. No. 11,180. Roadside and pasture field 
about three-fourths mile south of Helmsburg. Well established in this 
place. Dubois County, July 6, 1912. No. 11,615. Roadside and an open 
woods about three-fourths mile east of Birdseve. Frequent in this locality. 
Reported by Dr. J. Schneck, in the Lower Wabash Valley. 

Crataegus collina Chapman. 

Dearborn County, September 21, 1912. No. 12,249. Bank of Laughery 
Creek about three miles west of Aurora. 

Cratacgus intricata Lange. 

Vermillion County, September 29, 1912. No. 12,492. Bank of a 
wooded ravine about four miles west of Hillsdale. 
Crataegus straminea Beadle. 

Brown County, August 25, 1912. No. 12,214. Sterile wooded slope of 
a wooded vavine about one and half miles east of Helmsburg. Clark 
County, August 30, 1912. No. 12,253. <A shrub about five feet high, on the 
Forest Reserve. 

Potentilla arguta Pursh. 

Jasper County, July 30, 1912. No. 11,801. Roadside about four miles 
west of Remington. Benten County, July 31, 1912. No. 11,819. Roadside 
about four miles northwest of Fowler. Frequent along roadside ditches in 
these counties. 

Lespedeza Stuvei Nutt. 

Posey County, September 18, 1911. No. 10,104. In sandy soil on the 
slope of a cut of the road through the woods, which is located near the 
Wabash River and about three miles south of New Harmony. Determined 
by K. K. Mackenzie. 

Vitis rotundifolia Michx. 

‘ This species was erroneously credited to Indiana in last year’s pro- 
ceedings, and the citations should be referred te Cissus Ampelopsis Pers. 
Vaccinium arboreum Marsh. 

Martin County, June 30, 1912. No. 11,573. On top of the wooded 
sand stone cliffs of White River about two miles above Shoals. Deter- 
mined by C. S. Sargent. 

Bumelia lycioides (1..) Pers. 
Perry County, July 4, 1912. No, 11,507. A shrub about eight feet 
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high. About three miles east of Cannelton at the base of the river bluffs 
and near the public road. Duplicate in herb. New York Botanical Gar- 
dens. 

Mentha gentilis UL. 

Decatur County, August 18, 1911. No. 9,533a. Collected in the large 
stone quarry near St. Paul by Mrs. Chas. C. Deam. Determined by B. L. 
Robinson. 

Viburnum Canbyi Rehder. 

Clark County, September 24. 1910. No. 7,580. Frequent on or near 
the banks of some of the smail creeks on the Forest Reserve. Ripley 
County, May 19, 1912. No. 10,558. Wooded bank of creek about one mile 
west of Morris. Jennings County, August 13, 1912. No. 12,030. Bank of 
roadside ditch about four miles northeast of Scipio. Brown County, June 
16, 1912. No. 11,148. At the base of a wooded ravine about two miles 
east of Helmsburg. Determined by C. S. Sargent. It is believed that all 


references to Viburnum molle in Indiana should be referred to this species. 


Bluffton, Indiana. 
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THE INFLUENCE OF CERTAIN ENVIRONIC FACTORS ON THE DEVEL- 
OPMENT OF FERN PROTHALLIA. 


Davin M. MOTTIER. 


| Abstract. | 

Spores of the following ferns were used in the experiments: Onoclea 
struthiopteris (l..) UHoffm. Dryopteris stipularis (Willd) Maxon and 
“Nephrodium molle.” 

frothallia of O. struthiopteris which had developed numerous anthe- 
vidia, but which were much too small to bear archegonia, were trans- 
planted to separate dishes and allowed to grow under favorable condi- 
tions. Some of these developed into large prothallia and bore archegonia. 
The fact that female prothallia of this fern, if kept growing for some time 
without the fertilization of any of the egg-cells, may develop antheridia, 
has already been recorded in an earlier publication (Mottier, Bot. Gaz., 
50% 209-213) 1910). 

Spores of all of the above named species were found to germinate 
poorly, or not at all, if the cultures were kept in direct sunlight in the 
greenhouse from the time of sowing. In cultures in which prothallia devel- 
oped, nearly all plants were small and bore only antherfladia, a very few 
only becoming large enough to produce archegonia. 

Three cultures, A, B, and C, of Onocles struthiopteris were sown April 
9, 1911. They were placed in a position to receive direct sunlight, but 
during the brighter hours of the day cheese cloth was placed over the beli 
jars under which the cultures were kept, to Giminish somewhat the inten- 
sity of illumination. On April 30 all three cultures seemed to have made a 
favorable beginning, the majority of the prothallia being heart-shaped but 
not large enough to bear archegonia. A and B were now placed in a 
position in the greenhouse to receive good diffused light, but no direct 
sunlight save for only a short time in the early morning. Culture C was 
left in the original position of direct sunlight except the protection give 
by the cheese cloth froin about 9:30 a. m. to 3:00 p. m. during days of 
bright sun. A and B developed into fine cultures, while in C nearly ali 
plants remained small, bearing antheridia only. 

All cultures were grown in earthern saucers upon earth which had 
been previously sterilized in a steam sterilizer. They were watered by 


means of sub-irrigation. 
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REPORT OF THE WoRK IN CoRN POLLINATION, LV. 


By M. L. FISHER. 


A series of studies in corn pollination was begun in 1908. The results 
of these experiments have been reported from time to time. The present 
report will deal with the Sweet-Reid’s Yellow Dent cross. 

In 1911 the two types which arose from this cross were planted, but 
conditions were such that only enough for seed was obtained. There was 
no chance to determine the quality. In 1912 the two types were again 
planted. Only a small area of ground was available and it was necessary 
to resort to self-pollination again. 

The germination from both types proved good and the plants grew 
vigorously. The light-colored type was the more vigorous of the two and 
produced a larger proportion of ears. 

When the ears were in proper condition samples were taken for 
cooking and testing as to quality. The light colored type had large ears, 
white in color. Upon cooking the flavor was found to be excellent, being 
very sweet. The sweet flavor combined with a long grain makes this a 
very desirable type. The cooking test showed it to be superior to the corn 
bought on the market in West Lafayette. 

The yellow type had a medium sized ear, creamy white in color and 
when cooked had also an excellent, sweet flavor. The flavor was consid- 
ered not quite so good as that of the light colored type. 

At maturity the light colored type showed itself quite true to type, 
having whitish kernels, red cobs, and large size. There were few yellow 
dent kernels, probably no more than due to cross-pollination from adjoin- 
ing plats. 

The yellowish type had smaller ears, mostly white cobs, yellowish 
kernels, and a larger proportion of yellow dent kernels than the other 
type. The yellowish type does not have the depth of kernel that the whit- 
ish type possesses. 

The crop season of 1913 will be the final test for this experiment. 
The result of this season will determine whether the new types are worthy 
of extensive propagation. 


Purdue University. 
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CONJUGATION IN SPIROGYRA. 


By F. M. ANDREWS. 


A large quantity of Spirogyra crassa and Spirogyra zommunis \were 
found in September in a pond and upon examining it both forms were 
found to be conjugating. Not only was the species Spirogyra crassa found 
conjugating together, but sometimes Spirogyra crassa was found conjugat- 
ing with Spirogyra communis. ‘The smaller one of the two filaments in 
Fig. 1 is Spirogyra communis and the larger one Spirogyra crassa. The 
contents of the majority of the cells pass from the larger species to the 
smaller ones forming a zygospore, and in other cases the contents of most 
of the cells of Spirogyra communis pass into the cells of Spirogyra crassa. 
Some of the forms here shown which had not begun to conjugate began 
and completed conjugation when brought into the laboratory. In an 
earlier paper I have called attention to the interesting facts the hybrid 


forms may show.' 


Figure 1. 


Generally it is the case that when Spirogyra is conjugating the con- 
tents of the cells of one filament will all pass over into the cells of the 
other filament near it, as text-books and authors state. This is by no 
means always the case as is shown by Fig. 2.2. In some cells, as will be 
seen at A and B, Fig. 2, the contents of the contiguous ceils in the same 
filament go to corresponding contiguous cells in the other filament, but the 
contents of other cells as C and D, Fig. 2, do not do so, but go in the 


1 Andrews, F. M. Bulletin of the Torrey Botanical Club, Vol. 38, p. 296. 
2Bennett and Murray. p. 266. 
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Figure 2. 


opposite direction. A case of this kind is also shown by A. Tr6ndlet and in 
the above mentioned form. 

In some other Gases, as has been found before, three filaments of 
Spirogyra crassa conjugate with one another without regularity, as is seen 
in Fig. 3. Part of the time the contents of the cells move from the fila- 


ments A to B, in some cases from B to A and in others from B to C. 


Figure 3. 


In another instance in this material three filaments of Spirogyr: 
crassa were found connected by conjugating tubes.’ In Fig. 4 the cells of 
the two outer filaments A and C were in some cases conjugating with the 


cells of the filament B, and thus forming a single Zygospore from the con- 


1A 'Tréndle—Uber die Kopulation und Keimung von Spirogyra Botanische 
Zeitung, 1907. Vol. 65, p. 192. 

2A. Trondle |. c¢. 

’ Bennett and Murray, Cryptogamic Botany, p. 267. 
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tents of three cells. In this case the Zygospore is not apparently much 
larger than where two cells fuse, so that the decrease of turgidity causing 


the contraction of the protoplast is in this case very great. 


Figure 4. 


In still another lot of the specimens, four filaments were found con- 
jugating with one another as in the last case. Most of the cells were 
conjugating in the usual way, but others conjugated with each other in 
whatever filaments were near them without regard to regularity. They 
formed quite a mat of filament. 

Some specimens were noticed each of whose cells in conjugating put 
out two conjugating tubes to the neighboring cell. Only one of these tubes, 
however, seemed to be completed and to serve as a channel for the transfer 


of one cell te the other. 


AN INSTRUCTIVE MODIFICATION OF AN OLD EXPERIMENT. 


Howarp J. BANKER. 


We have long been familiar with the experiment in photosynthesis of 
pinning a cork on opposite sides of a green leaf and exposing to the light 
in order to show that ne starch is formed in the leaf where the cork shuts 
off the action of the sunlight. The experiment, further, has excited ne 
little comment and criticism because of the fact that the cork, tinfoil, or 
other opaque screen as usually applied not only shuts off the light but 


also interferes with the interchange of gases through the stomata. This 


Starch Distribution in Geranium Leaf—a. Opaque disks in close contact with leaf, shutting off 
both light and air;—b. Opaque disks with air space shutting off light but not air;—c. Glass 
disks in close contact with leaf shutting off air but not light. 


consideration has led to various modifications of the experiment and to the 
development of some highly accurate and scientifically constructed pieces 
of normal apparatus to correct the error of the criginal experiment. So 
far is this sometimes carried that the construction and adjustment of the 
apparatus has completely obscured ihe significance of the experiment. We 
need, therefore, to get back to first principles, that is, to experimenting 
upon the plant instead of upon the apparatus. 


94 


The following simple modification of this classic experiment will be 
instructive and will usually set the student to thinking to some purpose. 
Prepare several round disks from opaque paper or light cardboard. These 
may be readily made of about the right size with a gunwad cutter. Se- 
lecting a broad leaved plant of suitable size, place a pair of the disks one 
on each side of the leaf opposite each other and in close contact with the 
surface of the leaf, and fastened in place by a light spring clip, such as is 
commonly used to fasten loose sheets of paper. Attach another pair of 
disks in a similar manner but supported from the surface of the leaf by 
wax feet or other supports so as te allow a free circulation of air between 
the disks and the leaf. Now select a couple of cover glasses, such as are 
used in microscopic work, of appreximately the same size as the paper 
disks and attach these in a similar manner so as to be in close contact 
with the surface of the leaf. The plant is now exposed to the sunlight and 
after a time the leaf is tested for starch in the usual way with iodine. 
The result as obtained recently by my own students is shown in the figure. 

As is seen the place of the opaque disks is marked by a spot free from 
starch and bounded by a sharply defined line approximately at the edge 
of the disk in both cases, showing of how little significance in this form of 
the experiment is the question whether the stomata are covered or not. 
On the other hand, the glass disks are marked by only a small spot at the 
centet without starch and the intensity of the starch reaction shades off 
gradually from the margin toward this central spot so that the boundary 
of the disk is not evident. It is hardly necessary to add that some care 
should be exercised in timing the exposure te the sunlight in order to get 
the most striking results. The phenomen:n afford a neat little problem for 
the student to explain. With a little thought most students can do this if 
they understand clearly the structure of the leaf. 

The experiment may be further elaborated with instructive results by 
selecting leaves with stomata definitely distributed as upon only one side 
of the leaf and by using the disks, both the glass and opaque, singly 
instead of in pairs. 

DePauw University, 


Greencastle, Ind. 
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PHOTOSYNTHESIS IN SUBMERGED LAND PLANTS. 


By Harry V. HEIMBURGER. 


Detiier,’ in his “Practica! Plant Physiology.” describes an experiment 
to show the evolution of oxygen in photosyiithesis. He uses for this pur- 
pose a water plant which is placed under a glass funnel in a vessel of 
water and the evolved gas collected in a test tube. ‘The same experiment 
is described in a number of text-books, mention usually being made that 
water plants must be used. Llodea, Myriophyllum, Ceratophyllum, Hip- 
purts Poltamogeton, Chara and Spirogyra ave suggested by various writ- 
ers. It is to be inferred from most of the texts that no especial difficulty is 
met in performing this experiment, though a few of the authors consulted 
mention some difficulties and suggest that the experiment is not always 
entirely satisfactory. One writer says, “It is better to allow the apparatus 
to stand several days in the sunlight in order to catch a full tube of the 
gas. Another says, “After twe or three days of hot sun, enough of the 
gas can be obtained to make the oxygen test.”* Again we are told, “The 
glowing of the splinter shows that the gas is oxygen’ intimating that a 
very pronounced test is not to be expected; though others say that the 
spark bursts at once into flame. 

In one text’ the use of watercress in the experinient is recommended. 
A few of the texts examined, do not say definitely what sort of plants to 
use, but usually it is implied that water plants are required. In only one 
text, of those we have been able to examine, is it even intimated that land 
plants may be used. Doctor Coulter® says, “If an active leaf or a water 
plant be submerged in a glass vessel, and exposed to the light, bubbles 
may be seen coming from the leaf surface and rising through the water.” 
The illustration accompanying this text shows what appears to be the leaf 
of some tree or shrub. In several texts it is expressly emphasized that 
land plants will not serve for this purpose. Atkinson says, “Land plants, 

1Petmer-Moor, Practical Plaat Physioiogy, pp. 35-37. 

2 Atkinson, College Botany, p. 62. 

* Hunter, Essentials of Biology, p. 126. 

* Atkinson, Elementary Botany, p. 51. 

° Reynolds Green, Vegetable Physiology, p. 164. 


®° Coulter, Plant Relations, pp. 29, 30. 
7 Atkinson, Elementary Botany, p. 51. 
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however, will not do this when they are immersed in water, but it is 
necessary to set up rather complicated apparatus.” 

Doctor Ganong, who may be regarded as an authority in plant physi- 
ology, in commenting on this experiment criticises severely the statement 
that land plants may be used. He says, “An erroneous experiment, given 
in several text-books, accompanied by a false illustration, is that one in 
which leaves of land plants placed under water are represented as giving 
off bubbles of oxygen which rise through the water. It 1s true that leaves 
which are enveloped in a film of air do carry on some photosynthesis under 
water, but the amount is so small that it is doubtful if any visible bubbles 
of oxygen are released, the tiny quantities being taken directly into 
solution.*”* 

It is the purpose of this paper to show that some land plants do carry 
on photosynthesis, when submerged in water, and that for purposes of the 
experiment described above, are even better than the water plants ordinar- 
ily used. 

In September of 1911 my attention was called to the fact that J/eli- 
lotus alba, when submerged in water, could carry on photosynthesis, with 
considerable evolution of gas, and that the gas is particularly rich in 
oxygen. At the suggestion of Vrofessor Howard J. Banker a number of 
simple preliminary experiments were carried on to test the power both in 
Melilotus and in several other land plants. It was intended that more 
careful experiments should be performed later to determine the percentage 
of oxygen in the gas and the rate of the evolution of the oxygen under 
varying conditions. While this quantitative work has not been done, the 
results so far obtained are so striking as to appear of interest and worthy 
of note. 

In the experiments as performed, a few leaves of the plant under 
observation, were placed in the usual manner in a glass funnel which was 
inverted in a large glass jar full of water. <A test tube of 30cc. capacity 
was used to collect the evolved gas. Carbon dioxide was generated by 
treating ordinary limestone with hydrochloric acid, and a stream of this 
gas was kept bubbling through the water outside the funnel. The whole 
apparatus was exposed to sunlight in a south window. 

With J/elilotus alba, using three or four vigorously growing shoots, 
having approximately one hundred leaves, from €O to SOcc. of gas was 


8 Ganong, A Laboratory Course in Plant Physiology, p. 1038. 
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obtained in four hours. This gas was so rich in oxygen that a glowing 
splinter thrust into the tube burst into flame with an explosive snap. The 
same leaves were left in the apparatus and on the second day yielded 
more than 30ce. of gas, giving a good spark test. On the third day, how- 
ever, the water in the jar showed green and the plants were becoming 
macerated. Only a very little gas was evolved during this day, the quan- 
tity being insufficient for the spark test. With none of the plants used was 
any gas obtained after the second day, and sometimes only a little on the 
second day. 

Similar tests were made with J/clilotus officinalis, Trifclium pratense, 
Trifolium repens, Lactuca canadensis, Arctium minus and Nepeta cataria. 
With all these plants a good eyolutien of gas was obtained, at least during 
the first day. Lactuca and Arctium evolved very little gas during the sec- 
ond day and both showed considerable maceration after sixteen to twenty 
hours in the apparatus. With Nepeta the evolution of gas appeared to be 
more rapid than in J/elilotus, though this might have been due to differ- 
ence in light intensity or because of a greater leaf surface being exposed. 
No accurate measurements of leaf surface were made in any of the tests, 
but approximately the same leaf area was used in each case. In all the 
plants used, except Nepeta, there was less gas evolved than with Melilotus, 
but in every case there was a free evolution of the gas and not at all the 
tiny quantities that Doctor Ganoug suggests. In all cases, too, the gas 
gave a very good spark test, showing it to be very rich in oxygen. 

It will be noted that all the plants named above, have either a hairy 
or waxy covering to the leaves so that they do not become wet when im- 
mersed in water but are really enclosed in a thin film of air. When ex- 
posed to bright sun this film grows thicker and thicker until it becomes a 
bubble of considerable size. After a time a portion of the bubble breaks 
off and rises through the water into the test tube, this process continuing 
while the plant is in bright sunlight. 

In the case of Nepeta and Arctium there are a number of minute 
bubbles formed on the surface of the leaf, these being more numerous and 
forming more rapidly on the under side. These bubbles increase in size, 
merging together to form large bubbles until they become so large that 
portions break off and escape into the tube. With J/elilotus, Trifolium and 
Lactuca the film of air seems continuous and becomes a large bubble 


which practically encloses the leaf. The bubbles which rise into the test 
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tube are large, there being no streams of tiny bubbles as in the case of 
the water plants. 

The rate of the evolution of the gas depends on the brightness of the 
light and the supply of carbon dioxide. If a part of the light is shut off 
the rate becomes slower and the evolution of gas ceases when the light 
becomes dim. The rate becomes slower if the bubbling of carbon dioxide 
through the water is stopped. Enough carbon dioxide diffuses into the 
water from the air for the evolution of gas to go on slowly, but a rapid 
evolution is not obtained unless the water is kept charged with the carbon 
dioxide. 

In one experiment leaves of J/elilotus were dipped for an instant 
into 50% alcohol and then immediately immersed in water. These leaves 
became wet, no film of air was present and no evolution of gas occurred 
though the plants were exposed to the sunlight for more than six hours. 

These experiments were performed in May of 1912, after which time 
nothing further was done except that in October Melilotus and Nepeta 
were used in demonstration experiments before a class. A good quantity 
of gas was obtained. The rate of evolution was slower than in May, 
probably due in part to difference in light and part to difference in the 
condition of the plants. The plants used in May were young vigorous 
shoots, while only old plants could be found in October. 


As a plant to use in demonstrating the evolution of oxygen in photo- 


synthesis, I am quite sure that either JJelilotus or Nepeta will prove en- 
tirely satisfactory. ‘They are not only much easier to obtain than the 
aquatic plants, which are said to be necessary for this experiment, but the 
results are more quickly attained and are more striking than is usually the 
case with the conventional aquatics used for this purpose. 

DePauw University, 


Greencastle, Ind. 
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INDIANA FuNGI—III. 


J. M. VAN Hook. 

The seuson 1912 was one disappointing to the student of fleshy fungi 
in this region. The usual summer and fall study of this group had to be 
given up almost entirely. On the other hand, we obtained a very large 
number of pnrasitic species. Only a few of these have as yet been Classified. 

Some of the conmon economic parasitic species have appeared in this 
neighborhoocd this year as unusually destructive. The blight of tomatoes 
(Septoria lycopersici), has been severe, as have both the Septoria and 
Gloeosporium blights of gooseberry and currants. These bushes have, in 
Many cases, been completely defoliated, in July and August and aside from 
a few leaves at the tip, very little development followed. Oat smut was 
generally prevalent and the crop loss large in the southern counties. 

Lactarius indigo was found for the first time and in a location care- 
fully hunted over for the last six years. 

The following is a list of those classified during the past year and not 


heretofore reported : 


USTILAG NEA. 

Ustilago avenae (Vers.) Jens. Bloomington, Monroe County. (Date 
unknown.) 3488. 

Ustilago tritici (Pers.) Rostr. On wheat, Monroe County, June 1912. 
Bourke. 3487. 

UREDINEA. 

Uromyces caryophyllinus (Schrank.) Winter. On living leaves of 
carnation, Monroe County, February 8, 1912. J. M. V. 3273. 

Melampsora farinosa (Pers.) Schroet. On living leaves of Salix nigra, 
Brown County, August 25, 1908. J. M. V. 3270. 


CLAVARIACEA. 
Clavaria vermicularis Scop. On ground, woods, Monroe County, July 
1S. 1912. J. Me V.. 8419; 
Lachnocladium micheneri B. & C. On dead leaves in woods, Monroe 
County, July 19, 1912. J. M. V. 3416. 
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HYDNACHAN, 
Irpex fuscescens (Schw.) On oak limb, woods, Monree County, July 
OO de ME Vin O26) 


AGARICACHA. 

Cortinarius lilacinus I*k. Ground, woods, Griffey Creek hills, Monroe 
County, July 12, 19125 J. Me WV. 3410: 

Cortinarius sanguineus Fr. Ground, woods, Griffey Creek hills, Mon- 
roe County, July 18, 1912. J. M. V. 3426. 

Lactarius hygrophoroides B. & C. Ground, Trevalac, Brown County, 
July 20,1912. J. M. V. 3480. (The stems of some of these plants attain 
a length of two and one-half inches and a thickness of seven-eighths inch, 
while the pileus is often four inches across. ) 

Lactarius indigo (Schw.) Fr. On ground, top of Hemlock Bluff, 
Treylaec, Brown County, July 20. 1912. J. M. V. 3427. 

Lentinus suavissimus Fr. On twig of maple, Huckleberry Hills, Mon- 
roe County, July: 18; 1912. J: M. V. 3s421- 

Panus strigosus B. & C. On limbs of fallen red oak, Unionville, Mon- 


roe County, July 7, 1912. 3421. 


ASCOMYCHTES. 

Geoglossum glabrum Vers. Very rotten wood, point near Shuffle 
Creek, Monroe County, July 12, 1912. A. A. Bourke. 3434. 

Holwaya gigantea (I’k.) Durand. On oak log, Third Street Pike, 
Monroe County, November 27, 1911. Sutton. 8233. 

Leotia lubrica (Scop.) Vers. Ground, Griffey Creek hills, Monroe 
County, July, 1912. J. M. YY. 38407. 

Microglossum rufum (LL. & 8S.) Underw. Very rotten wood, point 
near Shuffle Creek, Monroe County, July 27, 1912. A. A. Bourke. 3488. 

Pseudopeziza Ribis Kleb. On currants, Monroe County, September 12, 
1912. J. M. V., 3439. 

Sarcocypha floccosa Schw. On rotten sticks covered with leaves, one 
mile north of Bloomington, Monroe County, July 10, 1912. Zetterberg. 

Trichoglossum hirsutum (Pers.) Boud. Very rotten wood, point near 
Shuffle Creek, Monroe County, July 12, 1912. A. A. Bourke. 34385. 


SPHABROPSIDALES. 
Ascochyta pisi Lib. On leaves, stems and pods of cultivated peas, 
Monroe County, summer of 1912. J. M. V. 3441. 
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Septoria ribis Desm. On gooseberry, near Bloomington, Monroe 
County, October 13, 1911. Sutton. 3450. 


MELANCONIALBES. 
Cylindrosporium capsellae ki. & BH. On leaves of Capsella Bursa-pas- 
toris, Monroe County, summer of 1912. Sutton. 8451. 
Glocosporium rubi BE. & FE. On leaves of raspberry, Huckleberry Hill, 


Monroe County, November 8, 1911. Sutten. 38448. 


HYPHOMYCETES. 
Alternaria Dianthi 8S. & H. Ou leaves and stems of carnation, green- 
house, Monroe County, February §, 1912. J. M. V. 8272. 
Cercospora plantaginis Sace. On plantago lanceolata, Fee Pike, Mon- 
roe County, October 12, 1911. Sutten. 3459. 
Monilia cGinerea Bon. On fruit of apple, liuntington County, December 
9, 1911. Meier. 3244. 


Indiana University, Peceinber, 1912. 
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FunGgous ENEMIES OF THE SWEET POTATO IN INDIANA. 


By C. A. LUDWIG. 


In the spring of 1911, the writer began an investigation to determine 
the causal organism of a dry ret which does damage to sweet potatoes in 
storage at his home in Franklin County, Indiana. The work was contin- 
ued the following winter as thesis work for a baccalaureate degree af 
Purdue University ; and as no special study of the fungi affecting sweet po- 
tatoes in Indiana could be found, the subject was enlarged in scope to take 
in all the fungi of Indiana which are known to affect stored sweet 
potatoes. A number of forms which have been suggested as the cause of 
decay, and some not thus previously associated have been studied; and 
certain notes concerning them may not be without interest, in spite of the 
fact that the primary cause of the dry rot still remains in doubt. The work 
was carried on in the botanical laboratories of the Purdue Agricultural 
Experiment Station, and the writer wishes to acknowledge his indebted- 
ness to the members of the botanical staff and to a number of other 
friends for various assistance. 

The following fungi were found to affect stored sweet potatoes in 
Indiana : 

PHYCOMYCETES. 

Rhizopus spp. 
ASCOMYCETES. 
Nectria Ipomaa Hals. 
Penicillium spp. 
Diaporthe batatatis Harter and Field. 
FuNGI IMPERFECTI 
Spheronema fimbriatum (ll. and Hals.) Sace. 
Fusarium spp. 

Rhizopus nigricans Ebr. is the cause of a soft rot of sweet potatoes 
when they are kept too damp. It was determined as the cause of soft 
rot in some specimens from Tippecanoe County. Some other species’ o* 
Rhizopus were alse isolated from potatoes affected with soft rot, a circum- 
stance which makes it probable that they may also be the cause of a soft 
rot when conditions are favorable for their growth. 
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Nectria Ipomae Wals.' has been observed in the vicinity of Blooming- 
ton, Ind., by Prof. J. M. Van Hook, of Indiana University. It is sup- 
posed to cause a stem and root ret of sweet potatoes in the field, a root 
rot in storage, and a stem rot of egg-plant in the field. 

Penicillium spp. The prevalence of these fungi renders their attacks 
frequent. They are usually superficial, but may, however, penetrate more 
deeply, especially under conditions of considerable moisture. A wound of 
some sort is usually a further necessity for such an infection. 

Diaporthe batatatis Harter and Field. This is the organism originally 
described as Phoma Batate Ell. and Hals. Harter and Field have recent- 
ly secured the ascigerous stage and have named the organism.® It was iso- 
lated several times from sweet potatoes raised in Tippecanoe County. The 
culture was determined by Mr. L. lL. Harter, of the Bureau of Plant In- 
dustry. This appears to be the first time the species has been reported 
in Indiana. It is not listed in the report of the Biological Survey of the 
Academy in the Proceedings for 1893, nor, so far as I have been able to 
find, in the additions since. 

Spheronema fimbriation (i. and Hals.) Sace., This organism causes 
the disease known as “black shank.’ It was not found during the course 
of this work, but was reported in the 1907 Yearbook of the Department of 
Agriculture as having been present in this state during that year. 

Fusarium spp. During the course of the work several species of 
Fusarium were isolated and studied. Some species are common members 
of the flora of decaying sweet potatoes, and the results indicate that one 
or more of them is partially respousible for the decayed condition. How- 
ever, as the point has not been fully demonstrated, it seems best not to dis- 
cuss it more fully here. 


1 Halsted, B. D. The Kgg-plant Stem Rot. N. J. Exp. Sta. Rept. 12, pp. 281- 
283. 1891. 

2 Halsted, B. D. Some Fungous Diseases of the Sweet Potato. N. J. Exp. 
Sta. Bull. 76, pp. 23-25. 1890. 

3 Tarter, L. L., and Field, Ethel C. Diaporthe, the Ascogenous Form of Sweet 
Potato Dry Rot. Phytopathology, Vol. II, No. 3, pp. 121-124. June, 1912. 

4Halsted, B. D., and Fairchild, D. G. Sweet Potato Black Rot. Jour. Myce. 7, 
pp. 1-11, pls. 1-3. 1891. 

Halsted, B. D. Some Fungous Diseases of the Sweet Potato. N. J. Exp. Sta. 
Bull. 76, pp. 8-14. 1890. 


NOTES ON SOME PUFF-BALLS OF INDIANA. 
By FRANK D. KERN. 

Our largest fungi belong to the group popularly known as puff-balls. 
They receive this name because of the fact that most of them when mature 
and dry puff forth their spores in clouds upon the slightest disturbance. 
Those who are in the habit of thinking of mushrooms, toadstoods, or ordi- 
nary puif-balls ‘as are large fungi may be somewhat surprised to learn that 
within our own State certain species of puff-balls frequently attain a size 


equal to the largest pumpkins. (See Fig. 1.) Notes concerning some of 


Figure 1. CALVATIA BOVISTA 
A fresh specimen measuring 40 em. in diameter and weighing 9$ pounds. 


these larger forms may therefore not be without interest, especially since 
they form an important part of our fungous food products. 

There have been in the United States four important workers with 
puff-balls, Peck, Trelease, Morgan and ©. G. Lloyd. Peck’s work has beev 
largely deyeted to New York forms while Trelease’s studies were confined 
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to Wisconsin species. Morgan and Lloyd, both residents of Ohio, have cov- 
ered not only their own region but have made their studies more general. 
Lloyd has extended bis observations to various parts of the world. 

No special study of Indiana species has been made. In 1893 Underwood 
listed twenty-three species in the Report of the Botanical Division of the 
Indiana State Biological Survey, published in the Proceedings of the 
Academy for 1893, pp. 13-67 (1894). Presumably this includes all that 
were known to him in the state at that time. No additions were made 
either by Underwood or Arthur in their supplementary lists in the Proceed- 
ings for 1896. Reddick mentions four species in a paper in the 32d Annual 
Report of the Department of Geology and Natural Resources of Indiana, 
1907, but none of them are additions to the Underwood list. Van Hook 
has published two lists of Indiana fungi, one in the Proceedings of the 
Indiana Academy for 1910, pp. 205-212 (1911), and another in the Proceed- 
ings for 1911, pp 3847-854 (1912), which include references to seven species, 
only two of which were not in the previous lists. This makes a total of 
at least twenty-five species which have been reported for the state through 
the Academy. For the most part these are small or moderately small 
forms. It is certain that this is not a complete record but no effort has 
been made toward an exhaustive search of the literature. Various refer- 
ences to Indiana species occur in the writings of Morgan, Lloyd, McIlvane, 
and others, and so far as known to the writer several additional species 
may be mentioned. 

A medium-sized species (4-S cm. in diameter) said by Lloyd to occur 
in Indiana, but apparently not mentioned in any of the Academy records, 
is Bovistella Ohicnsis. This plant was twice collected in the vicinity of 
szaifayette in October, 1912, once by Mr. Henry Meigs and once by Prof. 
Cc. R. Orton and the writer. In the former collection, which was only 
about half mature when brought in, the peridia ranged from 5-8 cm. in 
diameter. Lloyd especially mentions a robust specimen in the Ellis herb- 
arium (now at the N. Y. Botanical Garden) which he says was collected 
by Gentry in “ndiana. ‘This specimen is about 10 cm. in diameter but ac- 
cording to Lloyd it rarely occurs so large. While the specimens collected 
by Mr. Meigs do not equal the Gentry specimen in size they appear to ap- 
proach it more nearly than usual. The specimens taken by Orton and the 
writer are considerably weathered but appear to have been of ordinary size, 
4-6 cm. in diameter. They compare very favorably with Lloyd’s Figs. 5 
end ¢, Plate 86, accompanying his Mycological Notes, No. 28 (1906). A 
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good illustration of the species is also to be found in Hard’s Mushroom Book, 
p. 5383, Fig. 473. The peridium is subglobose or depressed pyriform. The 
outer coat, or cortex, consists of dense, soft warts or spines which fall 
away after a time, exposing the smooth, shining, thin inner coat. The 
spores are pale’ cinnamon-browl, slightly oval, 5-4x4-5 ”, smooth, with 
slender hyaline pedicels 9-15 yw long. The capillitium consists of separ- 
ate, branched threads, 3-G ~ in diameter, the branches gradually tapering 
to sharp points. Ellis and Morgan described this species in 1885 giving 
it the specific name of Ohiense but referring it to the genus Wycenastrum. 


In 1888 DeVoni transferred it to Scleroderma in Saccardo’s Sylloge Fun- 


Figure 2. CALVATIA BOVISTA 


A specimen which weathered for nearly a year in its place of growth. This specimen is now akout 
30 cm. in diameter, and weighs 41% ounces. 

gorum. Morgan later used it as the type of a new genus, Bovistella, call- 
ing this plant Bovistella Ohiense. This plant is more common southward 
and our locality is apparently in the extreme northern part of its distri- 
bution. Judging from the general distribution and from the Illinois and 
Ohio localities it would seem that this species is likely to be met with in 
the southern half of Indiana. 

A considerably larger species (10-15 cm. in diameter), Mycenastrum 
spinulosum, which has never been reported for Indiana in the Academy 
proceedings, or elsewhere, so far as the writer knows, was collected near 


105 


Lafayette, Octeber 16, 1905, by Dr. J. C. Arthur. Three specimens of this 
collection have been preserved. This is a common puff-ball on the plains 
west of the Mississippi River, and occurs also in the Rocky Mountains and 
on the Pacific Slope. I have collected it in Colorado west of the conti- 
nental divide. In 1803 Lloyd wrote that he had not seen specimens of this 
plant from any station farther east than Chicago, Ill. Peck, however, in 
his Annual Report of the N. Y. State Museum for 1201 reports it from 
Crown Point, N. Y. His specimens were unsatisfactory and yet he con- 
sidered them to be this species. With the exception of Pecks New 
York locality ours seems to be at the eastern limit of distribution. The 


species is noteble in the character of both peridivm and capillitium. VPeck’s 


Figure 3. MYCENASTRUM SPINULOSUM 


Showing the stellate splitting of the peridium and the unequal spreading of the rays. This 
specimen is 12 cm. in diameter. 
description of the peridiuim as thick, firm, and gourd-like is well expressed, 
as is also his reference to the form of rupture as a stellate splitting from 
above followed by an unequal spreading and reflexing of the rays. (See 
Fig 38). One of the specimers in ovr Indiana collection was not ruptured, 
but the other two show the characteristic form. The peridium is hygro- 
scopic, which often causes the rays to undergo sufficient movement to result 
in a movement of the whole plant. The capillitium consists of separate 
threads of comparatively large diameter, 10-12 4, which are set with 
prominent spiny points. The spores are also large, 10-12 yp, slightly 


rough, and without evident pedicels. ‘The spore-mass is a rich chocolate- 
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brown iu color. Peck originally described this species as a Bovista in 
1879 (Bot. Gaz. 4:17) but two years later transferred it to the genus 
Mycenastrum (Bot. Gaz. €:240). It very evidently belongs in the group of 
tumblers, the mature plant becoming loosened from the place of growth. 
The Bovistella described in the foregoing paragraph normally remains at- 
tached. <As to whether our American species I/ycendastrum spinulosum is 
identical with any foreign species there is some diversity of opinion. 
Dr. I.. Holl6s, a Hangarian botanist, claims all forms of Aycenastrum to be 
one species, of which the oldest name is J/. Coriwim, and he believes this 
species to be cosmopolitan. Lloyd at first disagreed but later practically 
accepted this disposition. Dr. Fd. Fischer, however, in Engler & Pranti, 
Nattirlichen Pflanzenfamilien recogiizes about thirteen species of J/ycenas- 
trum, VW. Corium and J, spinulossum being considered distinct. MecTlvaine 
in his book, One Thousand American Fungi, observes that he has no report 
upon the edibility of J/. spiniulosum but that it is probably good. 

The largest species of all, which is also the largest species of fungus 
known, is commonly known as the ‘giant puff-ball.”’ It passes under such 
a variety of scientific names that one scarcely knows which one to use. 
There appear to be three important specific names which have been pro- 
posed, Bovista, marina, and gigantea. The latter two appear more appro- 
priate but the first evidently has priority. These specific names with 
some others have been variously combined with the genera Lycoperdon, 
Bovista, Globaria and Calvatia so as to make a long list of Synonyms. In 
the Academy papers already cited it has been referred to as Calvatia gigan- 
tea, Lycoperdon giganteum, L. Bovistum, and Calvatia Bovista. Without 
attempting to enter into a discussion of the validity of the various genera 
it may be said that there appear to be good reasons for separating some 
forms from the old genus Lycoperdon, and if the genus Calvatia Fries 
should be maintained, a proper name for the species under discussion 
would appear to be Calvatia Bovista (1.) Underwood (Vree. Indiana 
Acad. Science 1893:€8). In spite of the fact that Lloyd says it is of 
rather rare occurrence in the United States it seems to have been fre- 
quently collected in Indiana. Published accounts indicate collections from 
Montgomery, Noble, and Putnam Counties. To this list is now added Tip- 
pecanoe County... On October S, 1911, Mr. George Snyder brought in a 


fine specimen of this fungus which he found growing on wet, peaty soil in 


1J%n addition, Johnson and Fulton counties were named by persons in the audi- 
ence when this paper was being read. 
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rather open woods about five miles east of Lafayette. The specimen was 
immature, not yet having begun the formation of spores, and was firm, 
white, and solid. (See Fig. 1.) Jt measured about 40 cm. in diameter and 
weighed 9} pounds. The specimen was so large that it would not go into 
the ovens where heat could be applied and unfortunately spoiled before we 
devised a method of drying it. On October 9, 1911, Mr. F. J. Pipal and 
the writer visited the locality where the large specimen came from and 
found in the immediate vicinity a whole “colony” of large puff-balls vary- 
ing from 10 or 12 cm. in diameter up to the size of the one described. 
Several were collected and some were preserved. On September 16, 1912, 
nearly one year later, this locality was again visited by Mr. Pipal and the 
writer with the hope of finding another crop of giant puff-balls. No fresh 
specimens were found, but nevertheless observations were made which 
may be of some interest. To our great surprise a number of old specimens 
of the crop of the previous season were still attached in their original 
position, and aithough somewhat weathered still retained their globose 
form and were in an excellent state of preservation. (See Fig. 2.) That 
such large frail objects would withstand weathering for so long a time 
had not occurred to us as at all tikely. One of the best of these was 
brought in and is now in our collection. It is now 380 em. in diameter and 
weighs only 44 oz. Judging from the size it is safe to say that this specimen 
must have weighed seven or eight pounds when fresh. The peridium is 
thin and papery and irregularly split and torn in the upper part, after the 
manner described by the older authors. Nees in his Systema der Pilze 
(1816) presents a very good illustration of this species, Pl. 11, Fig. 124. 
There can be no doubt that this plant normally remains attached to the 
place of growth. The capillitium is very unlike that of Bovistella or Myce- 
nastrum, consisting of long, branching, intertwined threads which are uni- 
form in size, 4-5 v, and smooth. The spores are globose, medium-sized, 
4-5 », smooth. 

In October, 1905, when Dr. Arthur collected the Mycenastrum speci- 
mens near Lafayette, several other larger forms were brought in. Two 
of these which average about 18 and 25 cm., respectively, in size are pre- 
served in our collection. The characters of these specimens are unusual 
and considerable difliculty has been experienced in reaching a conclusion 
concerning their identity. The capillitium and spores agree with the giant 
puff-ball, as does also their large size and the manner in which the peridium 


ruptures. ‘The stricture of the peridium, however, appears very different. 


111 


There are evidently three coats, or layers, to the peridium instead of the 
usual two. The first or outermost coat, which may be called the cortex, 
is more or less rough or warty; the second or intermediate coat is firm 
and thick, 1.5-2 mm.; the third or innermost layer is thin and 
membranous. The illustration (Fig. 4) brings out the features of 
the peridial coats. ‘The thickness of the peridium proper suggests Myce- 
nastrum but the other coats and the capillitium and spores are very dif- 
ferent. The presence of the thin papery inner peridium seems to be 
unique among puff-balls and so far as I have been able to learn only one 


Figure 4. CALVATIA LEPIDOPHORA. 


Showing the rough cortex, the thick intermediate coat, and the thin m2mbranous inner lining 
which is now splitting and falling away in flakes. 


species possessing this character has ever been described, viz., Lycoperdon 
lepidophorum Hillis and Hy. (Jour. Mye. 1:88. 1885). Mr. C. G. Lloyd, 
to whom I have sent material, agrees with me in the opinion that our 
specimens belong here, saying in a letter that ‘it is the second collection 
known of this very rare species. ‘This is the first time I have ever re- 
ceived it, and have only previously seen the type in the Bllis collection [New 
York Botanical Garden]. The structure, spores, capillitium, and peculiar 
inner membrane covering the spores are exactly the same. The difference 
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in appearauce of the cortex coat is due, I think, to Ellis’ specimen being 
older than yours, and this coat having changed in drying. Your plant 
was evidently collected in its prime and the natural cortex coat well pre- 
served.” On account of the notable peridial characters of this species 
the generic standing has been uncertain. It was originally described by 
EBliis and Everhart as a Lycoperdon and was listed in Saccardo as a 
Bovisia. When Mir. Lloyd published his “Genera of Gastromycetes” (Bull. 
Lloyd Library, Mycological Ser. No. 1) in 1902 he provided in his key for 
a genus J/ypoblema separable from the genus Calvatia by the presence of 
an inner membrane such as this species possesses. On PI. 11, Fig. 49, he 
illustrates what he calls Hypoblema pachyderma. About a year later in 
his Mycological Notes (No. 14, p. 140, March, 1903) he described fully the 
cenus Ifypoblema saying that it was based on Lycoperdon lepidophorum, 
and referred to Hypoblema lepidophorwm as the only species. His earlier 
use of the specific name pachydcrma was founded on the assumption that 
it was a prior name for the same species. Further investigation, however, 
convinced Lloyd that Peck’s Lycoperdon pichydermum (Bot. Gaz. 7:54. 
1SS2) was a distinct species, and he took up lepidophoruit as the specific 
name under the genus name /Hypoblema. Somewhat later the views con- 
cerning the validity of this genus were altered as is evidenced by a note 
(footnote 13, p. 14, Index Myc. Writings, vol. 2) to the effect that he would 
class Iypoblema as a subgenus under Calvatia. In a recent letter to the 
writer Mr. Lloyd has again expressed the opinion that the species should 
be referred to Calvatia, Morgan has already described the species as a Cal- 
vatia, but as he was also mistaken in thinking Peck’s L. pachydermam was 
identical he used the name Calvatia pachyderma, This error was further 
perpetuated by MelIlvaine (One Thousand American Fungi, p. 582) whose 
description clearly confuses the two plants. Believing with Mr. Lloyd 
that the peridial differences presented by this species can scarcely be 
considered sufficient for generic separation the combination Calvatia 
lepidophora is here adopted as the proper designation. The type speci- 
mens of Ellis and Mverhart’s Lycoperdon lepidophorum were collected at 
Huron, [South] Dakota, September, 1884, by Miss Nellie E. Crouch. As 
the Lafayette collection is the second known collection very little can be 
said about the distribution. [t is evidently a very rare species. Both col- 
lections were made in the autumn. Nothing was said about the original 


habitat; ours was an open pasture with muck soil. 


Agricultural E.arperiment Station, Purdue University, Lafayette, Tad. 
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THE IMPROVEMENT OF MEDICINAL PLANTS. 


By F. A. MILter. 


Certain suggestions were made before the last meeting of the Academy 
for the possible improvement of valuable medicinal forms through the ap- 
plication of breeding methods. Some of these suggestions have been car- 
ried out during the past summer upon experimental plots of belladonna, 
henbane, stramonium, digitalis and cannabis. The results, though only ten- 
tative, are extremely encouraging, and indicate a means of obtaining not 
only greater yields of the resulting drugs, but better and more reliable 
medicinal products. 

Belladonna has shown great uniformity in morphological characters, 
but considerable variability in the percentage of alkaloids in selected 
plants. In a comparatively small number this variation was found to be 
over 50%, or from 0.52% to 0.ST% total alkoloids as found in the highest 
and lowest yielding individuals. Much has been said concerning the varia- 
tion in total alkaloids as influenced by various conditions. In fact some 
experimental work has been done upon the influence of such factors as food 
elements, light and shade, soils, meteorology, etc., upon the production of 
alkoloids and other active principles. It now seems apparent, however, 
that before such data can have any scientific bearing, or be utilized as a 
means of following the influence of given factors, uniform strains of the 
plants under investigation must first be obtained. This apparent neces- 
sity is due to the wide variations which have been found to exist between 
the individuals of a given group which have been grown under uniform 
conditions. 

A group of individual plants varying over 50% when grown under uni- 
form ecological conditions cannot be expected to behave uniformly when 
grown under varied conditions. Differences no greater than 50% have been 
reported as being due to certain external influences as affecting all plants 
upon a given area, while according to recent individual plant investiga- 
tions, such an area might produce plants varying this much or more among 
themselves, and representing at the same time any possible mixture with 
reference to yield. It seems necessary, for this reason, to first obtain a 
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strain of the form under investigation, the indivoduals of which will react 
uniformly to certain external conditions. ‘To investigate this point, plants 
of known alkaloidal yield are being propagated both from inbred seeds and 
from vegetative cuttings. The progeny thus produced is being grown under 
the same conditions as the parent plants, as well as under widely dif- 
ferent conditions. The alkaloidal yield of these plants will later be taken 
as a means of determining the results of the various treatments. 

The highest yielding individuals from all groups examined are imme- 
diately selected as parent plants for possible high yielding strains. The 
propagation of these favorable individuals is continued throughout the year 
by means of greenhouse and cold-frame accommodations, and are tested 
as rapidly as sufficient material becomes available. 

The production of henbane even upon a small experimental scale has 
proven extremely difficult. This difficulty is largely due to the ravage of 
insects, although cultural difficulties with this plant are not uncommon. 
It will not reproduce itself from open field sowings and transplants with 
uncertainty. However, a small number of biennial plants were grown 
and found to test 0.089% total alkaloids at the end of the first season’s 
growth, while commercial drug has only averaged 0.067% for the past year. 
The Pharmacopcoia requires that this drug be collected from plants of 
the second year’s growth. The above figures indicate that it may be en- 
tirely unnecessary to grow this plant through the second year to obtain a 
high vield of alkaloids. The annual form was again observed, and though 
no tests were made, an abundance of seed was obtained from which plant- 
ings will be continued. ‘The appearance of this annual form in many plant- 
ings of henbane of supposed biennial origin has led to much dispute. 
Its investigation is necessary from this point of view as well as the possi- 
bility for developing an annual form which would possess many cultural 
advantages over the biennial. 

The selection of high yielding stramonium plants upon a basis of their 
contained alkaloids has been continued through two years. Averages as 
obtained from the progeny of selected parent plants have shown a marked 
increase over those from wild plants growing in the same locality. These 
averages are 0.61%, 0.50%, 0.00% and 0.64% from Datura Stramonium L., 
and 0.49%, 0.54%, 0.62% and 0.68% from Datura tatula L., as compared 
with 0.28% from wild plants of Datura stramonium L. and 0.42% from 
wild plants of Datura tatula L. 

Thirty-two forms of the genus Digitalis are under cultivation. These 
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consist of all the species and yarieties so far obtainable. These must 
first be tested for identity before any extensive breeding operations can 
be performed. Physiological tests have been made which indicate great 
differences in the toxicity of some of the more accurately named species and 
varieties. Though more strictly biennial in habit, it has been found possi- 
ble to bring a number of the varieties into flower the same year from seed, 
thereby shortening any breeding operations by one year. 

It has been interesting and valuable to follow the effects of Indiana 
soil and climate upon the medicinal value of Cannabis Indica. This is an 
imported drug consisting of the flowering tops of Cannabis sativa L. it 
always contains more or less seeds of high percentage germination. Re- 
peated tests have been made upon material obtained from plants grown 
from seed found in shipments of high testing drug. Without exception 
these tests have shown a decrease of from 40% to GO% in value as com- 
pared with the original shipments from which the seeds were obtained. 
One strain has been continued under cultivation in the same locality and 
upon the same soil for four consecutive years, and its value as indicated 
by physiological tests has fiuctuated between 40% and 65%. This fluctua- 
tion has been intermittent, and not in the nature of a regular annual in- 
crease or decrease. During this time, however, a marked improvement has 
resulted in the size and character of the inflorescence. By selection this 
has become heavier, more compact, larger and less leafy. A dwarf form 
has also resulted which would greatly simplify the process of collection. 

Figures No. I, Il, 11] and IV show some of the experimental plots, and 
convey some idea of the scale upon which the work is being done. Large 
numbers of plants ave being used, and these are observed throughout the 
entire growing season before any selections are made. In this manner 
the entire life history of the plant from the earliest seedling stage to 
maturity is made to serve as a record from which intelligent selections 


can be made. 
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THE STRUCTURE AND DIAGNOSTIC VALUE OF THE STARCH GRAIN. 


By - RK. B. HARVEY. 


In view of their common occurrence in plant tissues, starch grains 
have been used, especially in Pharmacognosy, to differentiate between 
plants. While there is a great variation in the size, shape and structure 
of starch grains, those of different nmiembers of a genus, or even of a family, 
often show a similarity. Hence, these group characteristics often may be 
used to identify a given starch as belonging to a certain group of plants. 
As medicinal action or value yaries greatly between closely related mem- 
bers of the same genus, it is of the highest importance to establish the 
authenticity of the species, and in this determination the starch grain is 
often of the greatest diagnostic value. 

The characters most often used in the identification of starches are 
the size, shape, and markings of the grains. The most distinct markings 
are the hilum and the concentric layers of starch. It is very commonly 
stated that the hilum is the point of attachment of the grain, and that it 
occupies a position on the surface, while in reality it is the part first 
formed, and is marked by a fissure or cleft in the interior, caused by the 
loss of moisture, and shrinking of the central portion. 

The starch grain has a structure somewhat similar to that of the 
sphaero-crystal, and like it grows by the apposition of new materials. 
According to the best authorities, the grain is made up of minute crystals 
or miscellze of soluable starch, or granulose, imbedded in a frame work of 
starch cellulose. Alternate layers seen in Many grains, contain a greater 
proportion of granulose, and hence stain more deeply with iodine solution. 
This structure of the grain was demonstrated by the action of such sol- 
vents as chloral hydrate or diastatic solutions which dissolve the granu- 
lose very rapidly, and leave a framework of starch cellulose, of the same 
size as the original grain, but lacking the substances which produce the 
characteristic color with iodine solution. 

Hence, is was stated by Meyer that the soluble starch was distributed 
throughout the grain in very small crystals or trichites. A consideration 
of the behavior of the grain upon swelling certainly demands a structure 
of this nature. The methods used in the preparation of this paper, and 
the results obtained agree with this structure, but indicate that the crystals 
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or trichites of soluble starch may be of a considerable size. Since the 
crystals have nearly the same refractive index as the remainder of the 
grain, they cannot be detected without special treatment. 

The structure of the starch grain is most easily seen in such grains as 
those of the common potato, or of arrowroot, which show the layers of 
starch most plainly, or those of Bainboo Brier root, which show the charac- 
teristics of the central portion. When these starches are stained with 
certain dyes, of which safranin is the best example, and the excess of stain 
is extracted, the central portion retains the stain, and the crystalline na- 
ture of this portion becomes evident. In the center of the grain crystals 
are seen arranged with their longer axes extending radially from the 
hilum. The clefts in this crystalline mass mark the hilum, and the fis- 
sures caused by the loss of moisture follow the longer axes of the crystals, 
forming the fan-shaped markings often seen in the unstained grain. Fig. 1. 
When the grains are kept moist at 50° C. for some time, the moisture 
passes through the outer layers, causing but little change in their structure, 
but when the crystalline portion is reached, this swells up and slowly dis- 
solves from its surface, becoming surrounded by a zone which stains deeply 
with iodine solution, indicating the presence of soluble starch. The selution 
and swelling of this inner portion pushes upward the outer layers, which 
finally rupture at the thinnest point, that is, at the hilum end in eccentric 
grains. It therefore appears that the greater moisture content of his portion 
is due to its higher solubility, and indeed this part may be entirely dissolved 
and carried away in solution before the outer layers are affected. This is 
commonly the case in such grains as those of the common yam, or of Bam- 
boo Brier root. Fig. 4. 

Something of the chemical nature of the various layers of the grain 
can be determined by treating with the following easily reducible silver 
solution, which may be compared to Fehling’s alkaline cupric tartrate 
solution : 

SST EES pNLUGE:. 2).c/ Subse) ye yaiie GiePaes Silousveys ta weneNeiec ata eTotene ake 1 gm. 
Gn 7S ee ae Ss ee Rat EM PERE att: odes tet Sen ras ake 15 ce. 
Ammonia water q. s. 

Add the ammonia water to the solution of the silver nitrate until the 
precipitate first formed just dissolves. 

Potassium and Sodium Tartrate................. 2 gm. 
Waters =... feveten o EAE EWES suey aiatin Wetersueieaetre pe ae, 


Dissolve. 
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When starch grains are treated for a time with a small amount of 
the ammoniacal silver solutiecn to allow the silver salt to be evenly dis- 
tributed througheut the grain, and then an equal amount of the tartrate 
solution added, the silver salt is reduced by the granulose present in the 
grain, giving stains varying in color from purple through shades of brown 
to black, depending upon the state of reduction. Reduction occurs in a 
few hours at ordinary temperature, or may be quickly accomplished by 
warming very slightly although too strongly heating causes complete reduc- 
tion of the solution and total blackening of the grain. 

If it is desired to make permanent mounts by the above method, the 
starch should be stained in bulk until the proper depth of color is reached, 
and then the soluble and unreduced silver salt washed out with water to 
prevent further reduction. The grains may then be dehydrated and 
mounted permanently in balsam, 

When starch grains are treated according to the above method, alter- 
nate layers and the central portion reduce the silver solution most rapidly, 
showing the presence of reducing substances which cause a deposit of 
silver. Fig. 2. The alternate layers which stain most deeply with iodine 
solution take on a granular appearance, and show the presence of crystals. 
The location and size of these crystals become more distinct upon further 
treatment of the mount with 1% chromic acid solution. Then they are 
seen to be of considerable size in some grains, and often to be arranged in 
2 group with their longer axes radiating from the hilum. Quite large 
crystals occur toward the outer portion of each layer, and their presence 
accounts for the difference in refraction of the layers at this point, which 
produces the appearance of concentric rings. Fig. 3. 

in double or compound grains a crystalline mass is seen at the center 
of each part, indicating that compound grains are formed by the deposi- 
tion of material around a number of points of crystallization, and the sub- 
sequent growth of each part until fusion occurs. In the outer layer of the 
grain no crystals appear, and this portion seems to be made up for the 
greater part of starch cellulose, which explains its lesser solubility in dia- 
static solutions. Fig. 3. 

An application of the differences in the structure of starch grains is of 
value in the examination of such closely related species as the common 
Sarsaparillas of the genus Smilax. All the members of this group, which 
are commonly met with, have similar histological structures. All show the 


presence of raphides crystals of calcium oxalate and parenchyma ceells 
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filled with starch grains, which are commonly spherical, or united in 
groups of two or three grains. Honduras sarsaparilla, Smilax officinale, is 
characterized by starch grains varying from 7 to 20 microns in diameter, 
and raphides crystals G to S microns in length. The common Bamboo 
Brier root shows similar characteristics when examined in fine powder, 
but shows 2 variation in the starch grain. The starch grains of this drug 
greatly resemble those of Honduras sarsaparilla, being either single or 
united in groups, and show a similar structure in the interior of the grain; 
but upon measurement they range in size from 9 to 40 microns, averaging 
29 microns in diameter. Hence, this means may be used in the differ- 
entiation of these plants when the drug is examined as a fine powder. 

By the application of the above or of similar methods, it is possible 
to differentiate between very closely related plants. As our knowledge 
of the structure of starch grains is more fully developed, their value in the 
differentiation of such closely related species becomes apparent, and they 


are recognized as one of the greatest aids in Pharmacognosy. 
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Butter Fat anp ButTerR Fat Constants 
By GEORGE SPITZER. 
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When the greater portion of fat is removed from milk by skimming or 
separating, and the resulting cream subject to powerful mechanical treat- 
ment, the milk fat passes from the liquid into the solid state, by cooling the 
mixture below the melting point of butter fat. The fat globules thus collect 
and are formed into grains. By washing and working, the geater portion 
of buttermilk is removed and the substance called butter is left. Salt in 
suitable quantity is added according to the demands of the consumer. The 
analysis of butter, known as proximate analvsis, consists in determining the 
per cent. of moisture, salt, proteids and fat. 

The analysis of butter has reached a degree of great importance. The 
proximate analysis does not indicate whether the sample has been adulter- 
ated, but indicatesits present condition, and may give some information as to 
the method of manufacture. | 

Since the enactment of the Pure Food Law, butter containing 16 per cent. 
or more moisture is held as adulterated butter. The composition of butter 
is a variable one, the proportion of different constituents, as fat, moisture, 
salt, etc., are variable, depending on methods of manufacture. Butter is then 
only a mixture of the above constituents, or properly speaking an emulsion 
of butter fat and water, containing salt, curd, and milk sugar. But when we 
treat of butter fat we have a substance of definite characteristic chemical 
composition. Both solid and liquid fats are formed by the combination of 
glycerol and fatty acids. Glvcerol is a trihydric alcohol and consequently 
behaves as a trihydric base. It can then combine with the radicles of fatty 


acids expressed as follows: 


(OH HOO C(CH.)n; CH; [00 C(CH.)n; CH; 
C;:H; {OH HOO C(CH.)n, CH; = C;H; +00 C(CH.)n, CH; + 3 H:0 
[OH HOO C(CH.)n; CH; [OO C(CH.)n; CH, 


forming an ester of mixed fatty acids, also called mixed triglyceride. From 
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theoretical considerations, we can predict the existence of a simple triglycer- 
ides, where only one simple triglyceride can exist expressed as follows: 

[R 
C:H; i When R = the acid radicle, 

R 


and this representation for each fatty acid. As glycerol is a trihydric alcohol, 


we might also expect mono and di-glycerides 


(oH | (oH 
C;H; 4OH C;H; 4R 
R R 

Mono glyceride Di-glyceride 


where R stands for any one fatty acid radicle and these are called mono or 
di-glycerids. 

Wurtz, showed that it was inconsistent with the facts discovered. In 
nature only the triglycerids occur, while the mono and di-glycerids are as a 
rule rare, if they ever occur. 

Butter fat consists of triglycerids of fatty acids, comprising butyric, 
caproic, caprylic, capric, lauric, myristic, palmitic, stearic, and oleic acids. 
All these fatty acids are mono basic and from theoretical consideration we 
might expect a mixture of simple triglycerids, such as tributyrin, triollein, 
ete. This combination of fatty acids with glyceral forming simple trigly- 
cerides in butter fat is disputed by Richmond and others. 

If simple triglycerides existed as such in butter fat, we would expect a 
portion at least to be soluble in alcohol, at least the tributyrin which is quite 
soluble in aleohol. But when butter is dissolved in alcohol we find that only 
about 1% of fat goes into solution. And the portion soluble in alcohol con- 
sists of mixed triglycerides of fatty acids, indicated by the melting point and 
per cent of soluble acids. We conclude then that butter fat is a mixture of 


mixed triglycerides, expressed by the following formula, 


[R, 
Oui, > Bs 
[R; 


R,, Re, and R;, represent different acid radicles. But as stated above butter 
fat consists of at least nine different fatty acids, we have then a mixture of 
mixed triglycerides, consisting of a combination of two or three different 
acid radicles to each glycerole residue. 
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Ne 
CHEMICAL ANALYSIS OF BUTTER FAT. 


Since butter fat represents complex mixtures of glycerides of the different 
fatty acids, complete fat analysis should embrace the separation of each fatty 
acid quantitatively. An attempt to detect and identify the individual fatty 
acids, in a way as is done in inorganic chemistry in determining individual 
elements, must be abandoned as a hopeless undertaking in fat analysis. How- 
ever, in fat analysis the results obtained are not accurate in strict scientific 
language, they are relative rather than absolute. Methods have been worked 
out which answer all technical purpose. These methods consist in obtaining 
certain ‘‘values’’ or numbers. These numbers are characteristic of the fats 
depending on the nature and properties of the fatty acids. 

These “numbers”’ or ‘‘values’’ have been termed quantitative reactions. 
When the methods are strictly followed, uniform results are obtained, and 
for that reason the ‘“‘number’’ or ‘‘values’’ are called ‘‘constants,’’ specific 
for each kind of fat. The ‘‘constants’’ in fat analysis are divided into 
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Solidifying point, 
Physical | Melting Point, 
YSic 1 rian 
aay Refractive index, 
Sp. gravity. 
Reichert-Meissl value. 
Saponification value. 
Todine value. 
Chemical ; 
Hener value. 
Thermal or 
Maumené value. 
ee 


THE RELATION OF BUTTER FAT CONSTANTS AND CALCULATED DATA FROM THE 
CHEMICAL ANALYSIS. 


In chemical analysis of butter fat it is often desirable to obtain data of 
relations other than the relations obtained directly by the determination of 
the chemical constants. From these data we are able to account and inter- 
pret some of the variation in the physical constants, where, owing to the 
complexity of the glycerides the chemical constants do not indicate in them- 
selves the variation of the physical properties. 

9—33213 
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Three samples of butter fat were analyzed. The constants determined, 
both of the fat and fatty acids. In order to secure butter fat of extreme vari- 
ation in the chemical and physical properties. Use was made of the fact 
that when fats are placed where the temperature is below the melting point 
of the softer glycerides crystalization takes place, the harder glycerides sep- 
arating from the softer. By filtration, separating the soft portion and the 
process repeated, fractions of hard and soft fats are obtained whose constants 
differ widely. The three samples thus secured, i. e., the original butter fat 
and the soft and hard glycerides when analyzed gave the constants as enumer- 
ated in Table I. 


TABLE I. 


Soft Hard 
Bulter fat. — Portion. Portion. 
FeuehertoWeissle 5) xo ocrhee wens eae sec 30.00 33.85 24.66 
MO GIMCYV BUG ee tore cg Eh eee ee 39.82 43.55 33.08 
Saponitcatiwon/Valwes <5 sss a su. ed cee 230.1 232.78 226.4 
Mean Molecular Wt. Calc................. aes 123. 744.9 
IRemmachivie:dIndex: 6 <0 fcicd.-8 one deen oes |44. ves Eo 
| 1.4552 1.4558 1.4545 
Meltineseoimteece see neue. Heid Anarene ee SY) 5) 13.2 38.1 
ImsolmblesNerd ase stirs eral eat cet 87.54 86.67 88.64 
Soluble or Volatile Acids?................. 6.9 6.90 bys ile 
Constants of the Insoluble Acids of the Samples in Table T. 
Mocimen Vialltte efa. af iyi ee a eat, woe 46.2 35.66 
Saponification Value... . ere oa eke US 221.6 21nd 
Meitinow Rotts sc.. oor eee oe eS Lees 39.2 BDO 42.4 
; [33.75 34.2 32.7 
InoieKenonalhaelyey aoe nea aeenaueoe } 1 4479 i 4480 1.4471 
Mean Molecular Wt. Cale.............. 254.8 Dooee 256.6 


IV. 
VOLATILE ACIDS. 

The high per cent. of volatile acid in butter fat is one of its chief char- 
acteristics. By means of this fact it is possible to differentiate it from all 
other animal and vegetable fats, and it is natural that great importance is 
attached to the determination of volatile acids or Reichert-Meissl value. 

1Butyrofactemeter reading at 40°C, 


2Or Hehner value. 
‘Calculated as butyric acid. 
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The Reichert-Meissl value does not represent the total volatile or soluble 
acids, but only a reasonably constant fraction, provided the operation is 
conducted uniformally according to the prescribed method. 

From the Reichert-Meissl value the total volatile acids can be caleu- 
lated, with considerable degree of accuracy. By the Reichert-Meissl process 
of distillation from 85 to 89 per cent. of the total volatile acids are distilled. 
(See Richmond’s Dairy Chemistry, p. 264; Lewkowitsch, Fats, oils and waxes 
Vol. 1, p. 332.) Then to calculate the total volatile or soluble acids we make 
use of the number of cubic centimeters of NaOH N/10 required to neutralize 
the volatile acids obtained from five grams of fat. Then for the per cent. 
of total volatile or soluble acids in the butter fat as recorded in Table I, cal- 
culated as butyric acid, we have 30.00 X .0088 + 5 X 100/87 = 6.10 per cent. 
of volatile acid as butyric acid, a result which agrees with the chemical an- 
alysis of the butter fat Table I. For the soft portion of fat the total volatile 
acids calculated from the Reichert-Meissl numbers gave 6.82 per cent., while 
that obtained by direct determinations was 6.90 per cent., a difference of 
.O8 per cent. 

For the hard portion the total volatile acids calculatedfrom the Reichert- 
Meissl number gave 4.98 per cent., that found by direct determination 5.17, 
a difference of .19 per cent. 

In the three analyses the total volatile acids calculated from the Reichert- 
Meissl number is a close approximation to that found by direct determina- 
tion, assuming that 87 per cent. of the volatile acids are distilled. 

The per cent. of volatile acids distilled vary with the rate of distillation, 
size of distilling flasks, ete. But when the relation of the Reichert-Meiss]l 
value and the total volatile acids are once determined, close approximations 
can be made in the calculation of total volatile or soluble acids. 

The Reichert-Meissl value furnishes means to calculate the mean molecu- 
lar weight of the volatile acids, and by the use of the mean molecular weight 
the relative proportion of the different volatile acids entering into the gly- 
cerides of butter are indicated. In Table I, in case of butter fat, we found 
the Reichert-Meissl value to be 30.00, i. e., it required 30 cubic centimeters 
of N/10 potassium hydrate to neutralize the volatile acids obtained from 
five grams of butter fat as determined by the Reichert-Meissl process. Since 
the 30 cubic centimeters represent only 87 per cent. of the total volatile acid, 
then for the total volatile acids present in five grams of fat it would require 


34.48 cubic centimeters of N/10 potassium hydrate. Then to find the number 


‘For the purpose of calculating the total volatile acids, the factor 87 was used; this being in agree- 
ment with Richmond and the work done at the Purdue Dairy Chemistry Laboratory. 
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of grams of potassium hydrate to neutralize the volatile acids in 100 grams 
of butter fat, we have the following proportion: 
.005612 & 34.48 & 20 = 3.86 grams of KOH 

In order to calculate the molecular weight of the volatile acids, we first 
calculate the weight of the soluble acids. To do this we make use of the 
amount of insoluble acid or Hehner Value. The per cent. of insoluble acid 
was found to be 87.54, mean molecular weight 254.8. The molecular weight 
of the glycerides of the insoluble acids would be (254.8)3 + 38 = 802.4 mean 
molecular weight of the insoluble acids as triglycerides.® 

Then from the following proportion we obtain the per cent., or parts per 
hundred of the triglycerides of the insoluble acids. 764.4 : 802.3 :: 87.54: x, 
x = 91.87 grams per hundred of glycerides of the insoluble acids. 

Now 100 — 91.87 = 8.13 glycerides of the soluble acids. Since 3KOH 
= 92 parts of glycerol or 38 parts of C,H», thenfrom the quantity of KOH 
required to neutralize the soluble acids in 100 grams of fat, which was found 
to be equal to 3.86 grams, we can calculate the per cent. of C;H, combined 
with the soluble acids by means of the following proportion; 186.36:3.86::38:y, 
x = .87 per cent. of C;H». If we subtract this from the glycerides of the so!l- 
uble acid we have then the amount of soluble acids in 100 grams of butter fat. 

8.13 — .87 = 7.26 
and therefore the molecular weight is determined from the following pro- 
portion: 

x:56.12::7.26:3.86, x = 104.5 mean molecular of the volatile acids in this 
sumple of butter fat. 

The mean molecular weight of the volatile acids of butter varies from 
96 to 130 as recorded by Richmond and Lewkowitsch. This is quite natural 
and from the molecular weight of the different volatile acids entering into 
the glycerids we can expect a variation in the mean molecular weight. A 
slight variation of the different acids would cause a marked increase or de- 
crease in the mean molecular weight. The molecular weights of the different 
volatile acids entering into the glycerids we can expect a variation in the 
mean molecular weight. This fact adds weight to the assumption that the 
proportion of volatile acids are not constant. <A slight variation of the dif- 
ferent acids would cause a marked increase or decrease in the mean molecular 
weight. The molecular weights of the different volatile acids entering into 
the triglycerides of butter fat are as follows: 

5For the Saponificati mn of a teizlyceride by K OH is expressed by the following equation. 
(Ri 
C:H:; Re + 3 K OH = C; H;(OH): + K (Ri R2 Ra) 


(Rs 
M. W. of C:H; = 41 .. 41 — 3 = 38 since the 3 hydrozen atoms are taken by the acids. 
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CALCULATION OF MIXED GLYCERIDES. 


To calculate the mean molecular weight of the mixed glycerides of the 
butter fat we make use of the saponification value. This value represents 
the number of milligrams of potassium hydrate required to saponify one gram 


of fat. By use of the following equation for the saponification of any tri- 


glycerides. 
(R, 
C3H; Ee + 3 K(OH) = C3;H;(OH); + K (Ri: R2 Rs) (1) 
R; 


Then it follows directly that 


3(56.12) x 100 
x :3(56.12) ::1: Sap. Val. or x ———————— mean molecular of the gly- 
Sap. Val. 


ceride. Likewise we obtain the mean molecular weight of the mixed in- 


56.12 x 100 
soluble acid x = dies uae Mean molecular weight. 


Sap. Val.® 


Vile 
CALCULATION OF GLYCEROL. 

By making use of the saponification equation (I) in our calculation we 
ean calculate the per cent. of glycerole in mixed triglycerides. From equa 
tion (1), 3 K OH = 92 parts of glycerole, i. e., 3(56.12) = C;H;(OH);=92,- 
molecular weight of glycerole or 56.12 grams of K OH correspond to 30.667 
grams of glycerole, and from the saponification value we have the amount 
of K OH necessary to saponify one gram of fat. The amount 


of glycerole in one gram of fat is determined by use of the following proportion 


30.667 x Sap. Val. 
56.12 


Bom 2e130 607 esa pe Valais xa x — 


amount of glycerole in one gram of fat and multiplying this by 100 gives the 


®Saponifications values are expressed in milligrams in the calculations. 
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amount in 100 grams or the per cent. If in the above we substitute the 
saponification value as found in table I, for pure butter fat, we have 


30.667 x 230.1 x 100 _ 
56.12 


12.57 per cent. of glycerole. 


The per cent. found by chemical determination was 12.58. 

If we calculate the per cent. of C;H» from the above relations (eq. I) 
and subtract this from 100 the difference give the total per cent. of both sol- 
uble and insoluble acids. This is apparent from the following equation by 
rearranging the molecule of the triglyceride. 

R, 
C;H; 1Re = C3H» H (Ri Rz R3) 
LR; : 
Referring to equation (I) we see that 3 (K OH) = C;H, where C;H» = 38 
therefore 56.12 grams of K OH corresponds to 12.667 grams of C;H» and from 
the following relation we can calculate then the amount of C,H, in one gram 


; 12.667 x Sap. Val. 
of fat. 56.12 : 12.667 :: Sap. Val. :x, x = ——-—_- — — = grams of C;Hp 


56.12 


and multiplying this by 100 gives the amount per 100 grams or per cent. By 


using the saponification value as used in calculating the glycerole we have 


12.667 x 230.1 x 100 % 
—————— Soe SS ale 
56.12 


per cent. of C;H». This amount when subtracted from 100 gives the per cent. 
of mixed fatty acids 
100 — 5.19 = 94.81 

By chemical analysis the insoluble acids of pure butter fat (Table I) was 
87.54, and from the method of calculation (p. 130) the soluble acids were found 
to be 7.26 per cent. The total acids then would be 94.80 per cent., while the 
total acids calculated from the value obtained for C;H» would be 94.81 in- 
volving an error of .01 per cent. 


Vit. 
THE RELATION OF THE MAUMENE VALUE TO THE IODINE VALUE. 


From numerous determinations of the Maumené value and its relation to 
the unsaturated fatty acids, there undoubtedly exists a relation between the 
rise of temperature and the iodine value when adding concentrated sulphuric 
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acid to oils. The higher the iodine value the higher the rise of temperature. 
To obviate small-variations of the strength of sulphuric acid, Thompson and 
Ballentyne (Chem. Zeit. 1909) proposed to refer the rise of temperature with 
fifty grams of fat and ten c.c. of sulphuric acid to the rise of temperature 
with fifty grams of water under exactly the same conditions and in the same 
vessel. The ratio of the rise of temperature of the fat to the rise of tempera- 


ture of water, they express as the ‘‘specific temperature reaction” that is? 


Rise of temperature of fat x 100 


Specific temperature reaction. The follow- 
Rise of temperature of water 


ing table gives the rise of the temperature of butter fat (Maumené value), 
specific temperature reaction, iodine value and ratio of the Sp. T. R. to the 


iodine value. 


TABLE II. 


| Ratio of Specific 
No. | Rise of Temp. Specific Todine Value. Temp. Reaction 
Temp. Reaction. to Iodine Value. 
1 B47 aC 83.6 | 46.36 | 128 
ess | gab) 58:00 1.74 
3 30.8° C 74.2 | 39.43 1.88 
op 32.0° C Tiel | 36.29 oa 
5 30.5° C 73.5 | 39.22 1.84 
6 270°C 65.1 B12! 2.08 
“7-| 235°C 56.6 | 30.00 1.88 
8 DI ASO 56.6 28 54 | 1.98 
9 DONG) 62.2 32.73 1.9 


Rise of temperature of water 41.5° C. 


From results recorded in Table II the ratio is quite uniform except Nos. 
4 and 6. If no other factors would influence the rise of temperature except 
the unsaturated fatty acids it would seem possible to determine a factor 


7This ratio is multiplied by 100 to avoid decimals. 
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such that when the Sp. T. R. is divided by this factor the quotient would 
express the iodine value, this seems possible with fresh oils’or fats, but when 
fats are exposed to air, partial oxidation takes place and this increases the 
rise of temperature. The values in Table II, were determined from butter 
fat of different degree of freshness, which had not been exposed to the air. 

In considering other constants both physical and chemical no fixed rela- 
tion exists. While it is true that the per cent. of olein influences the refrac- 
tive index, no quantitative relation exists between the refractive index and 
the per cent. of olein or oleic acid. This shows that oleic acid is not the 
only varying factor in butter fat influencing the refractive index. Since each 
acid entering into the glycerids of butter fat has its own specific refractive 
index, and from what has been said with reference to the mean molecular 
weights of the volatile acids, we must expect the physical properties to vary 
as the proportion of acids vary, which enter into the formation of a molecule 
of the triglyceride. The same reasoning applies to the insoluble acids. This 
variation of the proportion of the different fatty acids entering into the gly- 
cerides of butter fat, must also exert a varying influence on the physical prop- 
erties, such as the refractive index, melting point, congealing point, specific 


gravity, etc. 
DESCRIPTION OF CHEMICAL AND PHYSICAL CONSTANTS. 


Solidifying Point.—The solidifying point indicates the temperature at 
which butter fat solidifies. When butter fat is heated to 40° C. or 50° C., 
then allowed to cool slowly, a point is reached when the temperature remains 
stationary. This depends on the property, that when substances solidify 
on cooling, the latent heat of fusion. is liberated and the rise of temperature 
due to the latent heat equals the lowering of the temperature of the fat. 
When the temperature reaches this stationary point, the reading of the ther- 
mometer is taken and is called the solidifying point. 

Melting Point.—The melting point indicates the temperature at which 
butter fat melts. Various methods are used in determining t e melting 
point. To obtain comparable results the same method must be used. It 
must also be borne in mind that fats do not show their normal] melting point 
shortly after being melted and then cooled. After butter fat has been melted 
it should be allowed to cool at least twelve hours before the melting point 
is determined. 

Refractive Index.—The refractive index expresses the ratio of the velocity 


of light in vacuum to that of the velocity of light in the medium under inves- 
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tigation. When light passes from a rarer medium into one of greater optical 
density the rays of light on entering the denser medium deviate towards the 
normal, the ratio of this deviation from the normal for the two media is 
constant and is called the refractive index with reference to the two media. 

Specific Gravity.—Specific gravity expresses the ratio between masses of 
equal volumes of a substance and that of water taken as a standard. The 
masses of two bodies are proportional to their weights, the specific gravity 


of a substance can be expressed thus: Specific gravity =—, where X and Y rep- 
resent the weights respectively of equal volumes of the substance and water. 

Reichert-Meissl Value.—The Reichert-Meissl value expresses the number 
of cubic centimeters of decinormal solution of Sodium or Potassium hydrate 
required to neutralize the volatile acids obtained from five grams of butter 
fat by the Reichert-Meissl distillation Process. The Reichert-Meissl value 
does not represent the absolute amount of volatile soluble acids, but only 
indicates the relative amount of the volatile acids. 

Saponification Value.—The saponification value expresses the number of 
miligrams of potassium hydrate required to saponify one gram of fat, its 
value depends on the molecular weight of the fatty acids. The lower the 
molecular weight the higher the saponification value. 

Iodine Value.—The iodine value indicates the per cent. of iodine or iodine 
chloride absorbed by the fat. All unsaturated fatty acids have the property 
of absorbing iodine forming substitution compounds. In butter fats the oleic 
acid is the only unsaturated acid. 

Insoluble Acids or Hehner Value-—This value represents the insoluble 
acids in fats. Inasmuch as fats are composed of mixed glycerides of fatty 
acids both soluble and insoluble, on saponification of the mixed glycerides, 
the fatty acids form salts with the liberation of glycerol. When the salts 
thus formed are decomposed by some mineral acid, the insoluble acids can be 
separated from the soluble acids and the per cent. of insoluble acids is called 
the Hehner value. 

Maumene Value.—When mixing sulphuric acid with oils the temperature 
rises and varies with the source of the oils and their chemical composition, 
the rise being also greater for the drying oils than for the nondrying oils. 

The rise of temperature for different oils is called the Maumene value of 
the oils. 


Purdue University. 
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NASCENT STATE OF THE HLEMENTS. 


By J. H. RANSom AND R. A. STEVENS. 


It is well known that some of the elements at the instant of libera- 
tion from their compounds or when in contact with certain other materials 
are more chemically active than under other conditions. This so-called 
“nascent state’ has for more than sixty years been assumed to be due 
to the atomic as distinguished from the molecular condition of the ele 
ments. Jn some of the more recent texts this explanation has been re- 
placed either by one based upon thermodynamics or by that known as 
“contact or catalytic action.” 

The principle of thermodynamics is that those reactions will be most 
apt to occur which are accompanied with the greatest degredation of 
energy. On this principle is explained the fact that hypochlorous acid is a 
better oxidizing agent than free oxygen. The former decomposes with the 
evolution of heat and therefore the total energy evolved during oxidation 
with it is that much greater than would be produced with the use 
of free oxygen. Or as Mellor (Inorganic Chem., p. 460) says regarding 
nascent hydrogen, “Its greater activity is ascribed to the energy of the 
reaction being available for inaugurating another reaction rather than 
being frittered away as heat.” This is a fundamental principle and no doubt 
influences if it does not determine the course of reactions. But it does 
not seem to explain why iodic acid, which decomposes with the absorption 
of almost as much heat (per atom of oxygen) as hypochlorous acid evolves, 
oxidizes hydrogen iodide, in solution, much more rapidly than does free 
oxygen. 

The contact explanation assumes that the presence of certain sub- 
stances in contact with reacting materials increases the velocity of the 
action between those materials solely by its presence. According to this 
theory the increased activity of nascent hydrogen is due to its contact 
with the metal at the instant of liberation. If the presence of the contact 
agent forms the only difference between the active and inactive hydrogen 
then it would seem that intimate contact of the latter with the more posi- 
tive metals should cause it to become active. This explanation of activity 
appears less fundamental than that due to the atomic condition of the 
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elements, but it is claimed that it offers a better explanation for the varying 
degrees of activity of hydrogen obtained from different sources and that 
it also explains the activity of hydrogen absorbed in metals. 

The experiments described in this paper are designed to study the 
activity of hydrogen from yarious sources as shown in its action on 
chromic acid and chromates as well as on hydrogen peroxide and perman- 
ganates. These were chosen because they are not the most readily re- 
duced or because their disappearance may be easily determined by color 
reactions. The attempt was made to study the effect of each of the sub- 
stances which would need to be present for the reduction of the substance 
by nascent hydrogen. In the preparation of free hydrogen for use care was 
taken to remove any foreign material which might act as an oxidizing 
or reducing agent. Very dilute solutions of the oxidizing agents were used 
in order that a slight color change might be the better noticed. The acid 
was 30% C. P. sulphuric. Pure stick zine was used, a dozen or more being 
bound together so that the lower end of the pile was concave, thus allow- 
ing hydrogen to collect and work its way up between the sticks. The results 
with potassium dichromate solution were as follows: Purified hydrogen 
passed into the aqueous or acidified solution caused only a very slight re- 
duction in several hours of time. With zinc rods in the aqueous solution a 
very slight reduction could be noticed at the end of eight hours passage of 
the hydrogen. Nascent hydrogen generated in the solution caused a much 
more rapid reduction of the chromate. 

Next a solution of chromium trioxide was made, the zinc rods were sus- 
pended in the solution and especially purified hydrogen caused to pass 
up around the bundle of rods several hours a day until the time amounted 
to 205 hours. During the time the air was excluded and the space above 
the liquid (the rods were only partly submerged) was an atmosphere of 
hydrogen. At the end of this time the solution was still distinctly yellow 
though slightly lighter in color than at the commencement. 

The same kind of an experiment was repeated with potassium dichro- 
mate but platinum foil was substituted for the zine rods. In order that the 
liydrogen might be divided into small bubbles and come into contact with 
as much platinum as was possible a platinum filtering cone was sealed into 
the end of the delivery tube and just above this was fastened a rosette 
made of strips of platinum foil. The hydrogen bubbles bumped against this 
foil as they rose through the liquid. Connection was made so that this plat- 
inum might be made the negative electrode for the production of nascent 
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hydrogen. In this series the hydrogen passed through the solution for only 
four hours. Little or no reduction occurred except when the platinum was 
made the negative electrode from a battery. Then reduction was quite 
rapid. 

When zine dust or platinum black was suspended in the liquid and 
hydrogen passed in the reduction approached the rapidity due to nascent 
hydrogen. 

Similar experiments were carried out using carbon instead of plati- 
num. New arc-light carbons were purified by first soaking them in acid and 
then heating them to redness for twenty minutes. They were then 
placed in a solution of acidified potassium dichromate until no reduc- 
tion of the latter was observed. After thorough washing they were bound 
into a bundle and used in the same way as were the zine rods. In the 
aqueous solution containing the carbons hydrogen produced little or no 
reduction of the dichromate in four and one-half hours. When the carbons 
were made the negative electrode from a battery reduction was complete 
in from fifteen to thirty minutes. 

Finely divided carbon suspended in the solution of dichromate did not 
increase the reducing power of hydrogen led into the solution. 

An attempt was made to duplicate the conditions for the production 
of nascent hydrogen by having both zine and acid in the dichromate solu- 
tion and then to prevent the formation of nascent hydrogen at the surface 
of the zine by connecting the latter by wire to a piece of platinum placed 
in a different part of the solution and prevent diffusion of hydrogen by 
surrounding the zinc with a porous cup. The zinc was also made the 
positive electrode from a weak battery. But local action around the zinc 
produced a small amount of nascent hydrogen so that a slow reduction 
always occurred. It is still hoped that this may be made successful. 

In this connection it is interesting to note that in order to eliminate 
local action amalgamated zinc rods were tried. But in the presence of these 
hydrogen caused a more rapid reduction of the dichromate than when they 
were made the negative electrode from a battery. The reason for this has 
not been determined and will be the subject of further inquiry. 

The reduction of hydregen peroxide was attempted using the platinum 
rosette as contact agent. No change in the amount of the peroxide could 
he detected with the usual tests for that substance after hydrogen had 
passed for four and one-half hours. Put when the platinum was made the 
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negative electrode complete reduction occurred in about one-third the time. 

In order further to compare the activity of nascent hydrogen made in 
contact with different metals pieces of sheet copper, tin and platinum as 
nearly equal in exposed area as possible were each made the negative elec- 
trode from a battery giving practically the same current. The cell con- 
tained the same quantity, in solution, of acidified dichromate. The hydro- 
gen in all cases reduced the solution in about the same time. 

Finally a glass tube about five feet long and one centimeter bore, sealed 
at one end, was filled with a good grade of granulated zine whose surface 
had been cleaned by washing, in turn, with acid, water, ammonium hydrox- 
ide and large quantities of distilled water. A solution of chromic acid 
was made by dissolving a small quantity of chromium trioxide in water 
which had been purified by re-distil!ing ordinary distilled water from alka- 
line permanganate and using only the middle fraction which was again 
brought to boiling for a few minutes immediately before using. The tube 
containing the zine was filled with this solution and then one-half of it 
replaced by well purified hydrogen free from air. The open end of the 
tube was connected to a smaller tube leading to a vessel of mercury to 
prevent the escape of hydrogen and to indicate any change in the volume 
of the latter. The tube was then placed on a table in a horizontal position 
so that one-half of the zine was in the liquid and one-half in contact with 
the hydrogen. The tube remained in this position from January ninth to 
October seventeenth last. Except for two months during the summer the 
tube was observed daily. No change in pressure occurred except that due 
to changes of temperature, and no amount of hydrogen was evolved. The 
solution perhaps, became slightly lighter in color. On opening the tube the 
hydrogen burned quietly. <A little sulphuric acid added caused the solution 
to become as dark as at the beginning. A little sediment was found in the 
tube which looked like zinc oxide. Acid and zine added to the solution 
caused rapid reduction, 

In connection with the same subject some preliminary work has been 
done on the reduction of potassium permanganate. Purified hydrogen 
passed into a dilute aqueous solution of the permanganate decolored the 
solution in less than twelve hours forming a brown deposit. In the pres- 
ence of platinum foil the reduction was more rapid, sometimes being com- 
plete in one hour. If the platinum were allowed to remain in contact with 


the solution for some time the reduction with hydrogen seemed to be even 
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more rapid. To get some idea of the part the metal might be playing a 
strip of platinum foil about a foot long was thoroughly cleaned and put 
into a glass tube. A dilute solution of permanganate was poured in to 
cover the metal, and the tube stoppered. Gradually a brown deposit ap- 
peared on the platinum and floating in the liquid. In twelve days the color 
was discharged. ‘Treated with hydrochloric acid the brown solid gave the 
odor of chlorine. The same result was obtained when hydrogen was passed 
into a solution of permanganate containing granulated zinc. The colorless 
filtrate from the zine was strongly alkaline, contained potassium, but only 
a trace of manganese. 

In order to study this action more in detail some granulated zine was 
allowed to stand in contact with a solution of the permanganate. Grad- 
ually reduction occurred the zinc becoming covered with a gold-yellow de- 
posit. The reduction became slower as the deposit on the zine increased. 
Finally the solution became colorless and gave an alkaline reaction. 

In a roughly quantitative experiment two grams of permanganate were 
dissolved in especially purified water and this solution placed with a large 
quantity of zinc. The mixture was shaken periodically. In a month the 
liquid had become colorless. The liquid was filtered from the zine and the 
latter thoroughly washed. ‘Titration of this liquid with methyl orange, 
against a standard acid, gave S9 per cent. of the theory for the hydrolysis 
of the permanganate. As much as possible of the yellow solid was re- 
moved from the zine and this with the finer particles was treated with 
nitric acid to dissolve any zinc. On treatment the solid darkened. ts 
weight was .9077 grams, and it gave chlorine with hydrochloric acid. 

In order to understand what was the reducing agent in the above 
reaction a quantity ef well cleaned zine was placed in a flask with especial- 
ly purified water. The flask was connected with a eudiometer filled with 
the same kind of water. The eudiometer was arranged so that the water 
might be displaced by a gas. Gradually hydrogen was formed. By stir- 
ring the zinc about the hydrogen passed into the eudiometer. In 35 days 
twenty-five cubic centimeters of hydrogen had collected. This burned 
quietly showing no admixture with oxygen. The experiment was ther 
discontinued. 

The results of the experiments with permanganate indicate that its 
solution is hydrolized and that the free acid is then reduced either directly 


by the zine or by the nascent hydrogen produced by the action of zine on 
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water or on the acid. The instability of the acid apparently plays a part 
especially in the presence of something which can combine with the oxygen 
or absorb it (in the case of platinum) and thus prevent equilibrium. 

Very little work seems to have been done to determine the cause or 
causes of the increased activity of nascent elements. Most of the workers 
have assumed the atomic state as a sufficient explanation. Pattison Muir 
(Prin. of Chem., p. 105) points out the need of considering all the 
reacting substances rather than that of the element only, and sites the 
work of Tommasi (Pogg. Beiblitter 2.205) who found that sodium amal- 
gam would not reduce a solution of potassium chlorate but that hydrogen 
from zine and dilute sulphuric acid would do so. Muir afterwards found 
that magnesium, sodium and even a copper-zine couple would reduce (pre- 
sumably slowly) an aqueous solution of potassium chlorate; but he seems 
to have overlooked the fact that with zinc and acid the substance reduced 
is not the chlorate but chloric acid, a much less stable material and conse- 
quently more easily reduced. Thorpe has found (C. 8S. Journ. Trans. 1882, 
289) that the rate of reduction of ferric sulphate varies with the chances 
which hydrogen has of coming in contact with the material, and that the 
rate of reduction in unit time decreases with increased rate of hydrogen 
evolution. He also observed that the presence of certain salts, as zine 
sulphate, decreased the rate of reduction, and that the nature of the metal 
used influenced the rate. Perhaps the most enlightening results were 
obtained by Traube (Ber. 15, G59, 2421, 2484; 16, 1201) in his work on the 
constitution of hydrogen peroxide. We found that when palladium is 
charged with hydrogen and made the positive pole of a battery no peroxide 
is formed but the nascent oxygen is reduced to water. But when such 
palladium is made the negative pole and molecular oxygen is bubbled 
around the pole peroxide is produced. If non-hydrogenized palladium is 
used the greatest amount of the peroxide is fermed (only at the negative 
pole) when all the hydrogen produced is absorbed by the palladium, and the 
amount decreases as the amount of hydrogen more than this increases. 
With carbon poles no peroxide was produced at either pole. There seems 
to be no evidence, however, that hydrogen evolved from carbon poles did 
not reduce the oxygen, and it is probable that it was reduced to water 
either directly or through the peroxide as an intermediate product. The 
latter is the more probable since nascent hydrogen rapidly reduces the 


peroxide. 
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From the foregoing experiments the following conclusions appear jus- 
tifiable. First, nascent hydrogen obtained from yarying sources and in con- 
tact with different substances has about the same reducing power. And, 
second, gaseous hydrogen in contact with metals used to make nascent 
hydrogen is not made more active by that contact. If these conclusions 
ere justifiable the argument upon which the ‘contact’ explanation is 
based becomes greatly weakened. And it becomes still weaker when the 
first part of the work of Traube, described above, is considered. For If 
contact with palladium is the only cause of the activity of nascent hydro- 
gen there is 1.0 reason why the same substance should not have formed at 
the two poles. It remains to show that the activity of absorbed hydrogen is 
not due to contact action. 

Much work has been done in investigating the phenomena of absorp- 
tion of gases by metals. From the volume of gas absorbed by different 
metals, as platinum, silver and nickel, Sieverts (Zeit. fur Phys. Chem. LX, 
129 and LXVIII, 115) concluded that the absorbed element was in the 
atomic state. Richardson (Phil. Mag. VI', 266 and VIII, 1), in his studies 
on the diffusion of gases through metals came to the same conclusion, say- 
ing “This result can be explained by supposirg that the hydrogen is dis- 
sociated and that the dissociated atoms pass freely through the platinum.” 
Gladstone and Tribe in their work on “The Action of Substances on Nas- 
cent and Occluded Hydrogen” (C. S. Journ. 1879, 179, Trans.) say ‘Among 
other results of this investigation we may claim to have established still 
more fully the close likeness of character and therefore of condition be- 
tween hydrogen usually denominated nascent and hydrogen occluded by 
metals.” Also Bain in his work on the absorption of hydrogen by carbon 
(Zeit. fur Phys. Chem. LXNVIII, 471) coneludes that the absorbed hydro- 
gen is in the atomic state. If these conclusions are justified the activity of 
absorbed hydrogen need not be longer considered as due to “contact” 
action. But if it still be found that contact does modify the activity of ele- 
ments is it not a condition of chemical activity or a means of altering the 
velocity of a chemical change rather than an explanation? Does not the 
question remain, “Why, and in what manner they do so? Manganese diox- 
ide accelerates the decomposition of potassium chlorate, but this fact does 
not throw any light on the mechanism of the reaction nor does it explain 
why the oxygen at the instant of separation is a better oxidizing agent 


than ordinary oxygen at the same temperature. Heat is a necessary condi- 
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tion for the rapid reduction of copper oxide by gaseous hydrogen, but it is 
in no sense an explanation of the chemical changes. To explain these it 
may be said that at the high temperature the molecules become unstable or 
actually begin to decompose intc the various atoms and that these then 
combine to form molecules more stable at the temperature. The presence 
of acids makes possible the decomposition of water by electricity. The 
ionic theory offers a satisfactory explanation. 

In contradistinction to the ‘contact explanation” stands the atomic- 
molecular idea. It is based upon established and almost universally accep- 
ted theories involving atoms and molecules, the relations between which 
have been used to explain differences in properties, and to account for con- 
stitutional and space isomerism, unsaturation and chemical activity. ASs- 
suming molecules then the atoms follow as a perfectly logical deduction. 
And if atoms they must separate from molecules as such during chemical 
reactions, for in many “ases theve is less than a molecule of the element in 
a molecule of the compound and even if there is they are not often united 
in the molecule. Moreover the ionic condition of the elements necessi- 
tates that the atoms exist at the instant of discharge of the electricity. 
Likewise combinations must often, if not always be preceded by decomposi- 
tion of molecules into the constituent atoms. The addition of hydrogen to 
unsaturated molecules, as ethylene, must be preceded by the formation of 
atoms of hydrogen for these are found in different parts of the new mole- 
cule. The combination of sulphur dioxide with oxygen in the presence of 
platinum black must be preceded by the formation of atoms of oxygen fer 
the new molecule contains but a haif molecule of oxygen and at 
the high temperature the double molecule, S.0,, is probably not formed. 
Eyen the formation of the molecules of water from hydrogen and 
oxygen must be preceded by the decomposition of both kinds’ of 
molecules, for in the molecule of water there is but half a molecule 
of oxygen and the atoms of hydrogen are not united to each other. 
The combination of ammonia with hydrogen chloride may be cited as 
another example for the hydrogen and chlorine are not united in ammo- 
nium chloride. It is doubtful if any molecules as such ever have any 
tendency to combine or to interact in any way. The conditions under which 
material is placed in order to stimulate chemical action is conceivably for 
the purpose of starting the decomposition of molecules into atoms which 


by combining evolve the energy to continue the decomposition. The ther- 
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mochemical change would not be affected by such a process because it de- 
pends only on the initial and final products. 

Objection is made to the atomic-molecular explanation (Smith Inor- 
ganic Chemistry, p. 424) because it is used to explain the oxidizing activity 
of hypochlorous acid but is not often used to explain that of sulphuric acid 
or of double decompositions, as the action of sulphuric acid on salt. Con- 
cerning the former it may be said that it should be applied as rigidly in 
one case as the other. The pre-heating in the case of sulphuric acid may 
be considered as necessary for the decomposition of the acid to form 
atomic oxygen, and is often so considered. Concerning such actions as that 
of acid on sale it may be replied that they are explained by as “fairy” 
2 theory, viz., the electron modification of the ionic theory. 

Even if the activity of nascent hydrogen is finally found to vary 
greatly with the sources of its production the «tomic-molecular explanation 
~yill still be sufficient. For the absorbing or atomizing power of the ele- 
ments varies greatly; and for those having little atomizing power the 
smoothness and other characteristics of the superfiicial surfaces must 
determine the relative chances of the atoms meeting to form molecules or 
of acting on the other material present. 


The investigation of the subject will be continued as opportunity offers. 
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THE PENETRATION OF Woop BY ZINC CHLORIDE. 


By EpwaArp G. MAHIN. 


During the last fifteen years the supply of all kinds of sawed lumber 
has rapidly diminished. The consequent rise in prices has stimulated the 
use of methods for prolonging the life of structural timbers that are ex- 
posed to excessive weather conditions. Treatment of such timbers to 
prevent decay has been practically limited, in a commercial sense, to 
impregnation of the wood with creosote oils or with antiseptic salt solutions, 
the salt most extensively used being zinc chloride. Against the use of 
creosote oils two objections have been urged, these being the somewhat 
excessive cost of the preserving material and the tendency of the lighter 
fractions of the oils to evaporate under the influence of wind and sun. 

Whiie the cost of the zine chloride would not prohibit its use, it has 
Heen noticed for a long time that exposure for a term of years seemed to 
cause a loss of the efficiency of the preservative. This was long thought 
to be due to the fact that from moist wood the zine chloride was gradually 
lost through a process of outward diffusion similar to that causing “efflores- 
cence” of salts on brick walls. This theory was apparently confirmed by 
the fact that analysis of old treated wood showed the presence of little zine 
chloride in the interior of the piece. In order to remove this objection 9 
precess' was devised abroad and in 1980S was patented in the United 
States, for treating wood with zinc chloride, with the addition of alumin- 
ium sulphate. It was thought at the time and was originally claimed by 
the patentees that this process resulted in a fixation of the zine salt within 
the wood fibers in such a manner as to practically prevent the outward 
diffusion and consequent loss of the preservative. It was their theory 
that some sort of Compound was produced between the cellulose of the 
wood cells and the aluminium sulphate, this compound resulting in a 
retaining action upon the zine chloride. The action was likened to the im- 
perfectly understood action of aluminium salts when used as mordants in 
Gyeing. Experiments with washing treated sawdust did not confirm this 
thecry but later unpublished investigations showed that solutions of zinc 
chloride containing aluminium sulphate, under the same conditions of 
treatment, penetrated wood ties farther than did solutions of zine chloride 


alone, the zine salt having the same concentration in the two solutions. 


1The Bruning-Marmetschke process. U. S. patent No. 898,246. 
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It is a well known fact that zine chloride in solution hydrolyzes to a 
considerabie extent so that zinc hydroxide or basic zine chloride precipi- 
tates, often in large quantities. The addition of a strong acid redissolves 
the precipitate, as does also the addition of aluminium sulphate. This 
solvent action of aluminium sulphate is, without doubt, due to the fact 
that it also hydrolyzes readily in solution, the resulting sulphuric acid 
thereby acting to repress the hydrolysis of the zine chloride. The concen- 
trations of the two salts used in the new process are zine chloride 3%, 
aluminium sulphate 1.5%. Such a solution is usually clear, so far as any 
visible precipitate is concerned. Aluminium sulphate is thus seen to be of 
use in preventing the precipitation and consequent loss of zine chloride in 
the impregnating solution, but there remains unexplained the reason why 
two clear solutions, containing the same concentration of zinc, should pen- 
etrate the wood substance to different depths, the solution of the two salts 
apparently always going farther than the solution of the single salt. It 
was in order to find, if possible, an explanation of this difference in pene- 
trating power, that the experiments later described were undertaken. 

The colloidal character of both zinc hydroxide and aluminium hydrox- 
ide is well known. It seemed likely at the outset that even in clear solu- 
tions of zine or aluminium salts there must exist products of hydrolysis in 
a colloidal condition, consisting of sols of basic salts or even of the hydrox- 
ides themselves. If this were the case, since the hydrolysis 
of zine chloride is repressed by the presence of the sulphuric acid 
formed by the hydrolysis of aluminium sulphate, the clear solution of the 
composite solution should contain less colloidal and more ecrystalloidal zine 
salt than the single solution. The cellulose composing the wood cells is a 
vegetable colloid and it is not possible for other colloids to diffuse through 
it. In other words, the wood cells will act as membranes in carrying on a 
process of dialysis, retaining colloidal material and allowing crystalloidal 
material to pass. If the solutions possess the difference in character as 
above described it is easy to see that a difference in penetrating power 
must follow. The following experiments were undertaken to determine 
whether zinc chloride solutions in water contain more crystalloidal zine 


when aluminium sulphate is present than when it is not present. 


EXXPERIMENTAL. 
Two solutions were prepared, each containing exactly 3% of zine chlor- 


ide. To one of these aluminum sulphate was added to the amount of 1.5%. 
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In making the solutions a quantity of zine chloride was weighed out and 
dissolved in such an amount of water as to make a solution somewhat 
stronger than 3%. Some precipitate was formed and this was filtered out, 
the remaining clear solution being then standardized and diluted to the 
required strength. Colloidal membranes were prepared by coating vege- 
table parchment, of as uniform thickness as possible, with collodion. ‘These 
were fastened on the ends of tubes having a diameter of about five centi- 
meters, the tubes being of equal cross-section. Of the respective solutions 
50 cc. were placed in separate tubes and the latter were immersed in sepa- 
rate beakers of distilled water, adjustment being made so that the water 
outside was at the same level as the solutions inside. No attempt was 
made to keep the temperature constant but changes in temperature affected 
the tubes alike. After certain periods of time, as stated in the tables 
below, the beakers containing the water and the diffused zinc salt were 
removed and substituted by beakers containing fresh water. The zine 
which had diffused through the membranes was determined by titration 
with standard solution of potassium ferrocyanide, uranium nitrate being 
used as indicator. The amount of water placed outside the membranes was, 
in every case, 100 cc. The standard solution of potassium ferrocyanide was 
of such concentration that 1 cc. was equivalent to 0.00455 gram of zinc. 

In order to correct for any possible difference in thickness or perme- 
ability of the two membranes the solutions were interchanged after 234 
hours, each solution thereafter diffusing through the membrane that had 
previously held the other. 


In the tables the symbols have the following significance : 


B. M. =solution of zine chloride 3% and aluminum sulphate 1.5%, 
Bb. P. = solution of zine chloride 3%, 

t = hours for each period of diffusion, 

Ay = total hours before reversal of membranes, 

Th =: total hours after reversal of membranes, 

m = milligrams zine chloride diffused each period, B. M., 
M = total milligrams zine chloride diffused, B. M., 

M, = total milligrams diffused after reversal, B. M., 

p = milligrams zine chloride, diffused each period, B. LP., 
12 = total milligrams diffused, B. P., 

Py = total milligrams diffused after reversal, B. P., 

Cm =milligrams zinc chloride left in B. M.=—1500—-M, 


Cp = milligrams zine chloride left in B. P. = 1500 — P. 
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The average relative rates of diffusion of the zinc in the two solutions 
will depend upon two conditions: (a) the relative permeability of the 
membranes and (b) the relative concentrations of zinc salt. If the rela- 
tive concentrations should undergo no change, through the more rapid 
diffusion of one solution, the reversal of membranes should change the 
rates of diffusion so that the value of m/p before reversal should exactly 
equal the value of p/m after reversal. An inspection of the table shows 
that the membrane in which B. M. was enclosed before reversal was thin- 
ner or less dense, or, from some other reason, more permeable than the 
other, so that more rapid diffusion took place through this membrane and 
the solution so enclosed was more rapidly diluted than the other. In order 
to correct for the resultant change in concentrations the relative rates 
of diffusion, m/p and p/m, were divided by the relative concentrations, 
m. Cp 


Cm/Cp and Cp/Cm the resultant corrected values being tabluated as Siren 


and ne Since the actual concentration of zinc was the same in the two 
original solutions, the average corrected ratios should be equal unless 
the zine were partly in the colloidal, and hence non-diffusible, condition 
and this to a different extent in the two solutions. The table shows that 
the average corrected ratio of diffusion of B. M. to B. P. before reversal 
was 2.45 while the average corrected ratio of diffusion of B. P. to B. M. 
after reversal was 1.52. The actual concentration of diffusible zinc yas 
therefore greater in the B. M. solution. This actual concentration of 


diffusible, crystalloidal zine will be called the “effective concentration.” 


Let Me = effective concentration of zinc in b. M., 
Pe = effective concentration of zinc in LB. P., 
ae = thickness (or density) of membrane first containing B. M., 
Tv = thickness of membrane first containing B. P., 
Dm = average rate of diffusion of B. M. before reversal, 
Dp = average rate of diffusion of B. P. before reversal, 
Dm’ = average rate of diffusion of B. M. after reversal, 
Dp’ = average rate of diffusion of B. P. after reversal, 
Ik = a constant, depending upon the temperature ; 
also let a = Dm/Dp = 2:45 and 


|) == ID’ Dien = 2 
Using these symbols, 
Me — Dimi — 1k Dmvir 
IE = INIDOVINY a= Jel Dypyal’ s 


Dme— Mey, Dp — Pe/k., Dm’ =— Me/li) Dp? — Pe/ict: there= 
fore 

a — Mel’/Pe and bi] Pel’ Ment, 

a/b = Me/Pe, 

Me/Pe = a/b. 
Substituting the values of 2 and b as given above, Me/Pe = 2.45/1.52 
== Ae 

This ratio of effective concentrations confirms the hypothesis that 
even clear solutions of zine chloride contain colloidal products of hydro- 
Ivsis. Aluminum sulphate, through its own hydrolysis and the formation 
of free sulphuric acid, causes a partial repression of the hydrolysis of 
zine chloride and in 3% zine chloride solutions, such as are used in wood 
preserving, there is approximately SO% as much zine present in true solu- 
tion as is the case when 1.5% of aluminum sulphate has been added. 
The remaining zine is in the form of a hydrosol of basis zinc chloride 
or of zine hydroxide and cannot pass into the interior of treated wood 
but must be left in the outer layers. It is to be expected that any other 
easily hydrolyzed salt of a strong acid would have a similar effect upou 
the penetration of zine salts into wood. ‘The use of free acid itself would 
have the saine effect if it were used intelligently. 


Further experiments are now in progress. 


Purdue University, 


November, 1912. 


A BIOMETRIC STUDY OF THE STREPTOCOCCI FROM MILK AND FROM 
THE HUMAN THROAT.* 


Bye Ca Me Saimin rARD: 


Two hundred and forty-two pure strains of streptococci isolated from 
milk and from the human throat have been compared as to their morph- 
ology, Gram stain and gentian violet reaction by the plate method, and 
their quantitative acid production in seven carbohydrate and related or- 
ganic media. HHemolysis was studied with 92 strains. 

We have been able to make no correlation between the length of 
chain or the relation to violet stain with any other character. 

Seventeen out of 92 cultures gave hemolysis when streaked on blood 
agar plates. Five of these cultures came from normal milk, five—the 
most vigorous hemolizers—were from milk where udder trouble was indi- 
cated in the cow, and seven were normal throat forms. 

The seven substances tested showed a definite order of availability 
for acid production. This order (‘metabolic gradient’) and the per cent. 
of cultures yielding 1.2% or more of acid when grown at 87 C for three 


days is shown in the following table: 


Ginecose se Monosacchanide)) eee oceans eae 98.0% 
IPEKeWmose (AD ISEKCe MN AOKe)) SaaS on oon ooo co comd boo oooS 76.0% 
SCONES (CDIRACe MMIII) poococeqsnscanoduonoe 65.5% 
Saicim, (GAMGOSTMEDTS a anne roel ne crccatate rcs c crue. ore hee 42.7% 
Teena havo ((AMENSEKCOMENEIOKE)) onoageogchohoooobucduC 37.5% 
Tanai KCS CACHE) memenn craesesed or warner eici eens aiovece seis iaecis 9.0% 
Maniniten (Ee xallnyclieiceal Cool \meemereici eee oe 1.5% 


It will be noted that the degree of availability is closely associated 
with the size and complexity of the substance. 


f 


According to the positive reaction—oyer 1.2% acid—in the test sub- 
stances, 88% of the cultures may be placed in eight groups. 

The following features separate milk from throat streptococci: 
(1) Milk organisms yield over 2.5% acid in lactose and saccharose at 
37 C. (2) They seldom ferment a substance higher in the metabolic series 


*Full Report in Jour. Ind. Dis. Vol. XII, No. 2. 
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than saccharose. (3) They readily ferment dextrose, lactose, and saccha- 
rose at 20 C. On the other hand, throat streptococci (1) seldom yield 
over 2.5% acid in any substance. (2) Over 40% of the cultures yield 
over 1.2% acid in either salicin or raffinose. (8) At 20 C they almost never 
attack any of the seven test substances. 


On THE ATOMIC STRUCTURE OF ENERGY. 


By A. E. CasSwe.t. 


For a number of years it has been well known that a number of the the- 
oretical results of the classical thermodynamics are not in accord with ex- 
periment. This is especially true in domains of radiation and specific heats, 
and does not mean that these results are invalid, but, rather, while they 
contain truth they do not contain the whole truth. Eminent physicists have 
endeavored to formulate a theory the conclusions of which shall be true to 
fact. The ‘Quantum Hypothesis’’ of Planck, which involves certain assump- 


tions relating to energy, seems to furnish the basis for such a theory. It is 


B C 


A 


Figure 1. 
A. E. Caswell—On the Atomic Structure of Energy. 
the purpose of this paper to present some of the difficulties which are insur- 
mountable on the basis of the older theory but are explainable on the basis 
of this hypothesis, and to indicate some of the results of the new theory and 
its bearing upon our conception of the nature of energy. 

Two important laws of radiation which have been derived from the older 
theory are the Stefan-Boltzmann! Law and the Wien? Displacement Law. 
The former was proposed by Stefan in 1879 and was based upon the fact that 
Tyndall had found the ratio of the energy radiated by a platinum wire at 
1200° C. to that radiated at 525° C. to be 11.6. The law states that the 


energy radiated by a black body is proportional to the fourth power of the absolute 
‘Wien. Akad. Sitz. 79, p. 391, 1879; Wied. Ann. 22, pp. 31 and 291, 1884. 
*Ann. der Physik, 58, p. 662, 1896. 


158 


temperature, or K = k(T4—Té). The law has been amply verified for a 
black body by the experiments of Lummer and Pringsheim‘, but is not strictly 
true for other bodies. Boltzmann deduced the law theoretically in the fol- 
lowing manner. 

According to the electromagnetic theory of light, light exerts a pressure 
on any perfectly reflecting plane surface which is perpendicular to the direc- 
tion of the light numerically equal to the energy density of the radiation. 
When light is incident in all directions we may assume one-third of it travel- 
ing in each of three mutually perpendicular directions, and so the pressure 
exerted upon the walls of a perfectly reflecting vessel filled with radiation 
would be equal to one-third of the energy density. Let AC (Fig. 1) be a 
cylinder of unit cross-section and length a, having perfectly reflecting sides 
and a perfectly reflecting piston P, but the end AB is a perfectly black body 
at a temperature T. Then the space between AB and P will be filled with 
radiation of energy density wu corresponding to the temperature T. When 
equilibrium is established replace AB by a perfectly reflecting plate, and 
push the piston P in from a point distant «from AB to a point distant (« — dz). 
The total amount of energy supplied, dQ, is equal to the increase of the in- 


ternal energy, dU’, plus the external work performed, dW. Therefore 


4 
dQ = dU + dW = d(xu) + p dx = x du + -» dx. 
3 
If ¢ is the entropy, then 
dQ x 4u Fe) do 
do = = du + — dx = — du + — dx. 
cE Ate Site ou dx 
x 89 4u do 329 6 (x) 8 ( 4u ) 
ae = and = —, or - | = —|——}, 
T ?¢u ol Ox Ousx ox TJ dul 3T) 


Since T is independent of xr 


1 4(1 udT } du 4dT 
= —| OT = ; 


Goer T*du) u AT 


(1) u = kT‘, where £ is a constant. 


Suppose that instead of the case above considered we take the case of a 
small radiating body at the center of a hollow sphere having perfectly re- 
flecting walls. Then ur? will be constant, where r is the distance from the 
center of the sphere. Then U = taf wrsdr = 4zr*u, u being in this case the 


0 
energy density at the surface of the sphere. The radiation pressure on the 


3Ann. der Physik, 63, p. 395, 1897. 
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whole surface is 4 r?u, since all the radiation is incident normally. Then if 
the radius of the sphere decreases by a small amount dr 

(2) dQ = dU+ dW = 4x[d(r2u) + r2u dr] = 4cr? (r du + 4u dr). 
Proceeding as before we may deduce the Stefan-Boltzmann Law from this 
equation, showing that the law is true for radiation from a point source. 

The second law mentioned above is the Wien Displacement Law which 
states that the product of the wave-length and the absolute temperature is a con- 
stant, or AT = constant. In other words, if radiation of a particular wave- 
length is adiabatically altered to another wave-length the temperature changes 
in the inverse ratio. To prove this let us consider the sphere of the preced- 
ing paragraph. Let it expand with a constant radial velocity v, and let the 
velocity of the radiation be V. Then, by Doppler’s principle, the wave- 
length will be increased at each reflection. Let ’A> = the original wave-length, 
Xn = wave-length after n reflections, and ¢ = time elapsing between the in- 
stant when one wave is reflected and the instant when the next succeeding 


wave is reflected. Then 


( ho + vt | ap F 
Ar = Ao + 2vt = Ao + 2v | ————_, or eliminating ¢ 
ee ie) 
2Vio ( V + V ) 
At => o — => Ko- 
V—v |\V—v 
i + y)n 
Bae Ran — Ao — . 
[v—vJ 
While the surface of the sphere moves out a distance dr the wave will travel! 
V dr 
a distance ———, and since the diameter is 2r, the number of reflections which 
Vv 
V dr (V $v) Var 
will occur is n = . Consequently An = Ao | —| 2rv and the value 
2rv a) 
(V + v) Var 
of } corresponding to an expansion dr is = Limit of Ao | | 2rv or A 
(\V—vJ 
( dr | V 
= ho |l + — |, when — approaches infinity and the squares and higher 
{ Ta) 2v 
Vv dr 
powers of — and — are neglected. 
Vv r 
dx 3dr 
Put dA = 4 — Ao, and — = —, or since dQ = 0, r du + 4u dr = O, by 
mx iP 
du d?. 


equation (2), and — + = =(0. On integration this gives 
u A 
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Kf as To 
slap 
Ko u T4 


(4) AT = AoT) = constant. 


Wien’s displacement law may be extended so as to give a general formula 


ll 
iS) 


for the distribution of energy in the spectrum, viz., E,x=Car~*f (AT), where Ex 
is the emissive power for radiation of wave-length % and C is a constant. To 
prove this let 7) change to r, then radiations of wave-lengths between A) and 


(Ao — dao) will be changed to those of wave-lengths between 4 and (4 — dA). 


r r di r Xr 
Also } = — Ao, and A + dA = — (Ao + dav), whence — = — = —. 

To To dio To Ao 

du (Ao) 4 
From (3) — = |—| But du is proportional to E;, daz. Therefore 

dup (24 
Ex da du (Ao) 4 Ex =o 

= = aor = . Since equation (4) holds we may write 

ExodrAo «© do A J Epo Ke 


(5) EX, = 2° Epor5o = Ca f(aT). 

All general distribution formule must satisfy this equation. It remains 
to determine the form of the function f(AT). The particular form will de- 
pend upon the assumptions made. Wien found 

C C2 

f{(~xT) =e AT, or Ex = Cyr“e AT. 

For large values of % and 7 this formula fails. Lord Rayleigh proposed the 
C2 


formula EA = C,A-*Te AT. This formula fails for small values of % and 


T. About 1901 Planck proposed the formula 


ana 
1A-” 

kA = ————. 

eee ts 

e AT — J) 


This formula agrees with experiment and approaches the formule of Wien and 
Rayleigh for the range of values for which each holds best. It has already 
supplanted Wien’s to a considerable extent in commercial practice with high 
temperature furnaces. 

This formula is based on a new and startling hypothesis which has come 
to be known as the ‘“‘Quantum Hypothesis,’’ to which reference has already 
been made. The importance of the new hypothesis is made apparent by the 
following quotations. Nernst‘ says, ‘“‘If Newton, when he created modern 
mechanics, paved the way to the results of theoretical physics, if Dalton in 
the atomic theory gave physics and chemistry their most fruitful logical 


‘Preuss. Akad. Wiss., Berlin, Sitz. Ber. 4, pp. 65-90, 1911. 
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tools, then Planck in the quantum hypothesis has in his turn discovered a 
wholly new method of scientific calculation, and in fact this hypothesis, already 
so useful, is not a mere atomic theory of energy but in reality something wholly 
new, because the quantum can assume any chosen value from zero upward 
according to the motion of the atom concerned.’’ The late Henri Poincaré 
wrote concerning it: ‘‘The new conception is seductive from a certain stand- 
point: for some time the tendency has been toward atomism. Matter ap- 
pears to us as made up of indivisible atoms; electricity is no longer continu- 
ous, not infinitely divisible, it resolves itself into equally charged electrons; 
we have also now the magneton, the atom of magnetism. From this point 
of view the quanta appear as atoms of energy.’’® 

The physical assumptions which Planck makes may be summarized as 
follows:® 

(1) A system of many linear Hertzian oscillators, having a common 
period of vibration and so spaced as not to exert direct influences upon one 
another, are contained in a vacuum bounded by perfectly reflecting surfaces 
and filled with stationary black radiation. 

(2) These oscillators only absorb and emit energy in the form of electro- 
dynamic wave radiation. 

(3) The vibration energy of an oscillator is given by the equation 


1 ir alfrasille 
U = - kf? +-L|—! , where f = electric moment of the oscillator, and K 
2 eal es lin 


and L are positive constants. 

(4) Emission only occurs when the vibration energy U is any whole 

number of times the energy-element, the so-called ‘‘Hlementar-quantum,” 

i EKG 

E = hyo, where yo is the frequency of the oscillator and is equal to se 7 
aT 


and h is a universal constant, the so-called ““Wirkungs-quantum,”’ and is equal 


5] 


to 6.55 + 10-°7 erg-seconds. 

Whether the oscillator will actually absorb or emit energy at such times 
depends upon circumstances. If, however, emission occurs then the whole 
energy of vibration is emitted and the vibration ceases. Then through new 
absorption the energy again increases. Some writers on the ‘‘quanta theory”’ 
argue that the oscillators must absorb as well as emit energy in discrete 


amounts. It is claimed, for instance, that Einstein’s formula for specific 


5Journ. de Phys. 2, Ser. 5, pp. 5-34, 1912; ibid 2, Ser. 5, pp. 347-360, 1912. 
6Ann. der Phys. 4, pp. 553-563, 1901; ibid 31, pp. 758-768, 1910; ibid 37, pp. 65-90, 1911. 
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heats, mentioned below, is not true unless this is so. This, apparently, is 
not Planck’s view as he seems to consider the oscillators as absorbing energy 
continuously. 

(5) The law of emission is: The ratio of the probability that emission 
shall not occur, to the probability that emission shall occur, is proportional to the 


intensity of the vibration exciting the oscillator. This intensity is defined by the 


D 
equation E,? = { tas, where E, = the component of the electric intensity 
0 


in the direction of the axis of the oscillator, and as before vy = frequency of 
the vibration. The constant of proportionality for any given period may be 
determined by means of Rayleigh’s law of energy distribution. 

By means of these assumptions the properties of the stationary state, the 
entropy and temperature of a system of oscillators as well as the distribution 
of energy in the spectrum of black-body radiation are completely determined. 
Planck bases his expression for absorption on electrodynamic considerations, 
those for emission and energy distribution upon statistical ones. 

Planck’s calculations will not be reproduced here, the mathematical 
processes being merely indicated and some of the results stated. Basing 
his investigation relating to the absorption of energy upon the equations 


given under assumptions (3) and (5) and the additional equation 


df 

kf + L = E,, Planck finds that in the interval of time between two 
dt? 

successive emissions the energy U increases uniformly according to the 
dU Io 

equation = ; 
dt 4L 


The mode of emission will obviously depend upon the theory of proba- 
bility. Planck finds that, when Py is the probability that the energy of an 
oscillator lies between ne and (n + 1)¢ and y is the probability that the 
energy of the oscillator shall be a whole number of times ¢, the average energy 


of an oscillator is given by the equation 


Lx ( 1) (1 1 
U=Z Pp |[n+-le = |-—-le. 
2 Cee 5 ee ka 
( 1 1 
Also U = |pI + Se or—= 1 + pl. 
( 2) " 
3c? 
The value of p is found to be ———-, where ¢ is the velocity of light.7 
3277v3h 


7Verh. Deutsch. Phys. Ges., 5, 3, Feb. 1911. 
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The entropy of a system of N oscillators is also shown to be 


BN Sip log P.® andisince Pa = (1 — 9) 0.0, 
oO 
Ue ot} ( ) 
hy 
—+- ie | 
1 ds k & 2 | vh | ol soa 
= = log wonsicest = hy sO -— | 
me du &F Gert 2 v6 | 
——- = | 
een Ow (egos 


Finally, the vibration intensity of black-body radiation is 


1 1 
I= ; 
p | hy 
le 1 (ieee 1) 
hy 
When T = 0, I = 0, but U = —. This ‘‘Energierest,’’ or energy residue® 
2 


is independent of the temperature, and is of importance in connection with 
specific heats and radio-active transformations. Planck’s radiation formula 
readily follows from the above equation. 


Planck finds the following values for k and fh. k = 1.35 + 10°18, and 
h = 6.55 + 10°77 in C. G. S. units. Using these values together with 
e 
— = 1.77 = 108c, e = 4.69 = 10°’, c, e=4.68X18-" and ec = 3 X 10”, the 
m 
1.46 
mean number of undisturbed vibrations is found to be 1.37 10" .2e“! , 


14600 


or 1.37 X 107.e AT , if Ais measured inv. In the same units the emission 
_ 14600 
number of an oscillator per second is 2.18 & 107 e AT , and the mean ac- 
he 
14600 
cumulation time is 4.58 X 10-8.22e 4T | The equations used to obtain the 


three preceding results are, respectively: 


hy 
3e3L ce 
Number of vibrations = — er 
8r2y 
Ey hy 
812y" = 
Emission number = ——— e N; 
3e3L 


8Berliner Ber., 5, 13, July, 1911. 
Ann. der Physik, 26, p. 30, 1908. 
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hy 
3e°L = 
Time between two successive emissions =f e 
817y" 


Larmor™” in an expansion and generalization of ideas implied in Planck’s 
theory divides a system which is a seat of energy into elementary receptacles 


? 


of energy called ‘‘cells.’? The ‘“‘element of disturbance’’ possessing the ele- 
ment of energy under consideration is as likely in its travels to occupy any 
one of these cells as any other. Instead of the relation * = hy,, which Planck 
obtains, Larmor finds that the ratio of the energy-element to the extent of 
his standard cell is an absolute physical quantity. Larmor claims that his 
theory evades an atomic constitution of energy although this seems to be 
open to argument. Planck believes that his constant A provides for Larmor’s 


” 


‘elements of disturbance. Larmor’s radiation formula reduces to that of 


Planck. 

Jeans! has worked out a rather complete and satisfactory electron theory 
of metals, but when applied to radiation his results, expressed in terms of a 
single universal constant, are in conflict with experiment. Planck considers 
that Jeans’ formula requires a second universal constant which he identifies 


with A, the “‘wirkungs-quantum,’’ Jeans’ formula being a special case where 


Let us now turn to some of the experimental facts which can be accounted 
for on the basis of the quantum hypothesis. The agreement with the experi- 
mental facts of radiation has already been mentioned. 

The experimentally determined specific heats of crystalline substances, 
especially at low temperatures, do not agree with the older theories, but 


Kinstein'® by applying the quantum hypothesis to this case has deduced the 


By PY 

| 
aa 

formula ¢ = 3R © —————, where R is the gas constant, @ a positive con- 

{ » 

oy 

—— 

e! | 


stant, and y and T as before, are the vibration frequency and the absolute 
temperature. Nernst and Magnus have found that this formulais only ap- 
proximate and have added a term bT*:!8, This formula agrees with the results 


WRoy. Soe. Proc., Ser. A, 83, pp. 82-95, 1909. 

uPhil. Mag., 17, pp. 773-794, 1909; ibid 18, pp. 209-226, 1909. 

“Ann. der Physik, 22, 1, pp. 180-190, 1906. 

Journ. de Phys., 9, pp. 721-749, 1910; Zeitschr. Elestrochem., 17, pp. 265-275, 1911; Ann. der 
Physik, 36, 2, pp. 395-439, 1911. 
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obtained by Nernst, Lindemann and others for the specific heats of a large 
number of substances including such anomalous substances as diamond. More- 
over, by means of Einstein’s formula it is possible to calculate the frequency 
of the radiation emitted from the specific heat of a substance and the results 
so obtained agree very well with the frequency as determined by optical 
methods. It may be noted that the classical thermodynamics would lead one 
to expect the specific heat of a substance to become zero at the absolute zero 
of temperature. This is not the case and Planck’s ‘‘energierest’’ would lead 
one to suspect the truth. 

Stark! has found that when secondary kathode rays are generated by 
X-rays that the electrons in the secondary rays possess energy of the same 
order of magnitude as those in the primary kathode rays which produce the 
X-rays and that this does not depend upon the intensity of the X-rays. The 
number of electrons in the secondary stream, however, does vary with the 
intensity of the X-rays. This can be accounted for by saying that the quan- 
tum possessed by an electron in the primary stream is handed on by the X-rays 
to an electron in the secondary stream. Thus when secondary rays are pro- 
duced the velocity of the individual electrons will not depend upon the in- 
tensity of the X-rays but upon the size of the quantum. With more intense 
X-rays more quanta are transmitted and more electrons set free. 

Paschen found that when canal rays were examined for the Doppler effect 
that, instead of having the original spectral line displaced to one side or 
broadened on one side, he had a “‘rest,’’ or undisplaced, and two displaced lines. 
Stark’ has pointed out that according to Planck’s theory a positive ion will 
only radiate when its kinetic energy of translation is some multiple of the 
“elementar-quantum.’’ Consequently the ions which are radiating have 
perfectly definite velocities depending upon the number of quanta they pos- 
sess, and so we should expect to find a displaced line corresponding to each of 
these velocities. Stark has also been able to calculate the velocity of the 
radiating ions and finds that the results tend to confirm Planck’s theory. 

Haber!® has applied the quantum hypothesis to the absorption spectra of 
solids and obtains an equation relating the wave-length in the infra-red, Ar, 
the wave-length in the ultra-violet, Av, and the molecular weight, viz., Ar = 
Ay X 42.81 7/M. This formula holds for regular crystalline substances such 
as NaCl, KCl, and fluorspar. 

“Phys. Zeitschr., 10, pp. 902-913, 1909. 


'Verh. Deutsch. Pays. Ges., 10, 20, pp. 713-715, 1908. 
18Verh. Deitsch. Phys. Ge3., 13, 24, pp. 1117-1136, 1911. 
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One of the most useful theorems in thermodynamics is a sort of supple- 
ment to the Second Law, and is due to Nernst. It states that the entropy 
of a substance at the absolute zero of temperature is zero. This theorem is amply 
justified by experiments on specific heats, thermo-neutral chemical reactions, 
and so forth. Boltzmann has shown that if the energy be subdivided into a 
large number of equal parts a quantity can be calculated, by means of the 
theory of probability, which is proportional to the entropy as deduced with 
the aid of Nernst’s theorem, the proportionality factor depending upon the 
magnitude of the elementary amounts of energy. Some value of this amount 
should give the value of the entropy exactly. This value, according to Planck, 
would be the ‘‘elementar-quantum.’’ Nernst’s theorem may then be con- 
sidered as another ground for belief in the basic truth of Planck’s theory.” 
Additional evidence in favor of the theory is to be found in the phenomena 
of fluorescence, the photo-electric effect, and others. 

We shall now examine Planck’s assumptions and attempt to interpret 
them physically. We know that Hertzian waves only differ in wave-length 
from the luminous waves emitted by an incandescent body. What is then 
more natural than to assume that the atoms of bodies contain tiny Hertzian 
resonators, or oscillators? We say ‘‘atoms’’ because the spectral lines of an 
element appear in the spectra of its compounds. The ‘‘perfectly reflecting 
walls”? may be nothing more than a useful mathematical fiction, or may rep- 
resent true physical boundaries corresponding to the cell walls of Larmor’s 
elementary receptacles of energy. The assumption of a mechanical model is 
of vastly less interest than those implying at least an atomic structure of 
energy. If there are atoms of energy do they preserve their identity? Are 
they invariable? Planck assumes a discontinuous emission but a more or 
less continuous absorption of energy. May we not ask the question: ‘‘Are 
these discontinuities due to the oscillator or to the energy itself’??? If the 
energy exists in discrete quantities, why is it not absorbed as well as emitted 
in multiples of the “elementar-quantum’’? If absorbed in discrete amounts 
are these identical with those emitted? Apparently not, for in the phenomena 
of fluorescence the fluorescent light is nearly always of lower frequency than 
the light which causes the fluorescence, or, speaking in terms of Planck’s 
hypothesis, the emergent quanta are smaller than the incident quanta, for 
the so-called atoms of energy are larger in proportion to the frequency of the 
light, so that ‘‘atoms’’ corresponding to blue light are larger than those cor- 
responding to red light. If, then, we are to account for fluorescence by means 


Preiss. Akad. Wiss. Be-clin, Siiz. Ber., 4. pp. 65-9), 1911. 
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of the quantum hypothesis we must conclude that energy is absorbed in amounts 
differing from those in which it is emitted or may even be absorbed continu- 
ously. If energy exists in the form of atoms these must undergo some change 
in the oscillator analogous to the chemical transformation of ozygen into 
ozone, or vice versa. Furthermore, it would appear that there would need to 
be as many different sorts of atoms of energy as there are wave-lengths of 
electro-dynamic wave radiation. 

An alternative which has occurred to me is that the discontinuities in the 
radiation are due to the mechanical form of the oscillator, that is, they are 
not due to an atomic structure of the energy itself but rather to the oscillator. 
Tmagine, if you will, a circuit consisting of a condenser, inductive resistance 
and spark gap in series, and in addition assume that the system can absorb 
energy falling upon it in the form of radiation. For some potential difference, 
V, the dielectric in the spark gap will break down and a discharge will occur, 
all of the electric energy, 3CV2, where C = capacity of system, being trans- 
formed into radiant energy of the wave-train produced, or into heat. The 
discharge will be oscillatory when CR? < 4h, R being resistance and L 

It Sphicee we 
inductance, and its frequency will be y = . If we further as- 
Qn CL 41? 


sume that R is negligible when compared with the other quantities, we have 


ane i 
y= — . Let E = energy of system at the instant discharge occurred, 
2x.) Ch 
1 1 re 3 1 
fen Be CV" = — 'CV220/ CL, or E =~ C* V7L 4 y. 
2 2 
This equation is identical with Planck’s equation, E = hy, if we put 


h=C 2 V2 L = constant. Thus the energy is proportional to the frequency. 
Some such oscillator may provide a means of escape from the conclusion that 
energy is atomic. 

The emission law follows at once from the conception that the oscillator 
will not be as apt to radiate into a space where the radiant energy is dense 
as into one where it is rare. 

Whatever our conception as to the nature of energy itself there is abundant 
reason for believing that it is emitted by bodies in discrete amounts. Ex- 
perimental verification is to be found in widely-separated fields of research. 
The quantum idea has gained such a foothold that Einstein and Stark would 


abandon the electromagnetic theory of light for a corpuscular energy theory 
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although Planck himself considers this unnecessary. Concerning the hypothe- 
sis the late Henri Poincaré has said, ‘‘The present state of the question is as 
follows: the old theories. which hitherto seemed to account for all known 
phenomena, have met with an unexpected obstacle. An hypothesis has pre- 
sented itself to M. Planck’s mind, but so strange a one that one is tempted 
to seek every means of escaping it; these means, however, have been sought 
vainly. The new theory, however, raises a host of difficulties, many of which 
are real and not simply illusions due to the inertia of our minds unwilling to 


change their modes of thought.” 


Note—Since this paper was read Professor Millikan has given a masterly 
presentation of the various atomic theories of radiation. See Science, Jan. 
24, 1913. 
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NOTES ON THE SYSTEM OF CRYSTALLIZATION AND PROPER CUTTING OF 
THE SYNTHETIC CORUNDUM GEMS. 
By FrRaNK B. WADE. 

It is with some hesitation that I am attempting to present before the 
Physical Science Section of the Indiana Academy of Science a paper 
upon so technical a subject as the system of crystallization of the syn- 
thetic corundum gems, when my study of them has been but the recrea- 
tion of one whose serious work lies in another direction. 

It was while attempting to learn how to produce the best possible 
results in the way of richness and depth of color in cutting synthetic 
ruby that I made a study of the crystalline form of the rough ruby 
boules. The best lapidaries, in cutting natural ruby, long ago learned 
that, to produce the deepest and richest color it was necessary to lay 
the table of the cut stone parallel with the basal planes of the natural 
hexagonal crystal. Fortunately this method of cutting usually gave also 
the largest possible cut stone from the rough material, as the natural ruby 
has a tabular habit, with the greatest diameters parallel to the basal 
planes of the hexagonal prism. 

Now-—although the rough boule of synthetic ruby has the appearance 
of an amorphous mass—it is in reality crystalline, in fact a single crystal. 
Hence in cutting it proper regard should be had for its optical properties 
if the best results are to be obtained. The Boules, however, although sin- 
gle crystals. have no well defined crystal faces or cleavages to reveal the 
system of crystallization or the direction of the optical axes. 

It was in the endeavor to work out methods of determining these 
matters that I began a study of the rough boules. I first looked up the 
literature that was available upon the subject of artificial corundum 
gems, and for the sake of refreshing your memory along this line I will 
briefly review that part of it which leads toward the subject of this 
paper. 

The earlier workers attempted to obtain rubies by the fusion of 
alumina, either in glass or porcelain furnaces or by means of the oxyhy- 


drogen blowpipe. M. Gaudin, in 1837, using the oxyhydrogen blowpipe 
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to produce fusion, got tiny crystals of ruby when the melt was slowly 
cooled. ‘These crystals, like those of nature, were in the hexagonal sys- 
tem, as shown by their external form. St. Clair de Ville and Caron pro- 
duced rubies by fusion of alumina mixed with a little chromium oxide 
and, on one occasion they got both rubies and sapphires in the same 
crucible. These were very minute and had the usual crystal form of the 
natural stones. Fremy. by means of a high temperature continued for 
eight days, got rubies of the weight of one-third karat each. These also 
were regular crystals. No suecess was had by any of these earlier work- 
ers in obtaining rubies of commercial size. 

About 1885 there began to come on the market, from Geneva, Switzer- 
land, it is now said, some rubies which at first were sold as natural stones, 
but which, it developed later, were made by fusing together small natural 
rubies by means of the oxyhydrogen blowpipe. These rubies were gener- 
ally bubbly, and the bubbles, unlike those in natural rubies, were spher- 
ical. There were also other sigus by means of which the artificial char- 
acter of these so-called “reconstructed” rubies might be detected. They 
were generally too low in specific gravity, probably owing to their bubbly 
character, and the color was a bit unnatural to the eye of an expert. They 
were, however, crystallized alumina. I have not had the opportunity of 
exiunining any of the drops thus produced while in the uncut condition, 
so that I am unable to speak in regard to their crystal structure. The 
cut stones are feebly double refracting and show dichroism like the natural 
rubies 

It was not long before the use of small natural rubies was discon- 
tinued and pure alumina mixed with a little chromium oxide was substi- 
tuted. It was in 1904 that Verneuil published his method of producing 
true synthetic rubies by heating the above mixture in the flame of the 
oxyhydrogen blowpipe. The method employed by him in introducing the 
powdered material was exceedingly ingenious. <A receptacle with a sieve 
bottom was constantly tapped by a mechanical tapper and the dust fell 
into the stream of oxygen and passed with it through the flame, which was 
directed vertically downward upon a support below. Upon this support 
the boule grew, first the slender stem, then, with proper manipulation of 
the flame the wider and wider dome, until, in some cases, the boule 
weighed over one hundred karats. The crystal character of these boules 
and of the blue and pink and white and yellow ones which later came to 


be made, forms the principal subject of this paper. 
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The blue color was obtained only after long study and experimenta- 
tion on the part of Verneuil and an American assistant, Mr. I. H. Levin. 
They found that the attempt to blend cobalt as a colorant failed, the cobalt 
volatilizing or else floating out when the boule cooled. Picard, in 1907, 
and Louis Paris, in 1908, succeeded in getting boules of a fine blue color 
by blending magnesia or lime with the alumina and adding cobalt. They 
were, however, not true sapphires. Some of these boules were sent to a 
friend of mine, an enthusiastic gem collector, Mi. Win. H. Huse, of Manches- 
ter, N. H., and at his request I tested them and found that they were too 
low in specific gravity, too soft, and their system of crystaliization was the 
regular or cubic system. They were singly refracting and showed no 
dichroism. They were, in fact, artificial spinels. Their color also was 
of too piercing a blue. This was afterwards remedied by adding a trace 
of chromium oxide, but then the color as seen by artificial light was 
unnatural. 

In January, 1910, Verneuil and Levin succeeded in obtaining true sap- 
phires by adding to 98% of alumina 2% of a mixture of ferric oxide and 
titanium oxide and keeping the boule in a reducing atmosphere. A paper 
in regard to these boules was read by Verneui!l in 1910 before the French 
Academy. It quoted M. Wyrouboff, who examined them before they were 
submitted to the Academy. He said of them: “They take the form of 
a single erystal which is uniaxial, optically negative and little birefractive, 
consequently having all the optical properties of the natural sapphires. 
Furthermore, their composition and crystalline construction must evidently 
lead to the conclusion that these stones are in every other respect iden- 
tical with the natural sapphires. They even show the parti-colored effects 
like the natural stones.” 

In connection with this report of Wyrouboff I will quote here the report 
of Bauer, the great German gem expert, on the synthetic ruby boules. 
In a paper read before the German Chemical Society of Frankfort, A. M. 
Bauer says: “The ruby bulb, in spite of its round shape, shows a true 
erystalline formation. In specific weight, in hardness, as well as in 
all the optical properties, it is identical with the natural stone; in color 
and brillianey it vies with the best specimens from the Orient.” 

Some of the new blue sapphires were sent to this country and were 
submitted to Prof. Alfred Moses of Columbia University, who says: ‘The 
chemical analysis shows the material submitted to. be nearly pure alumina 


with, however, a measurable quantity of titanic oxide. The crystallo- 
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graphic and optical tests show that the material submitted is crystallized 
and that the cone by all tests is one homogeneous faceless (anhedral) 
crystal. The crystalline, optical and other characteristics determined are 
closely those of hatural sapphire. In the absence of natural faces or 
cleavages the crystalline system, as determined by the optical tests, may 
be either hexagonal or tetragonal. The parting figures point to the hexa- 
gonal system. Any two natural substances which were as nearly identical 
in chemical and crystallographic characters as the specimens submitted 
and natural sapphires would be called identical. The difference is one 
of origin.” 

While expert mineralogists are agreed that these synthetic products 
are identical with the natural in all their properties, yet the synthetic 
stones may in nearly every case be distinguished from the natural by one 
who is trained in seeking minute differences due to the difference in origin. 
As is now well known in the trade, the synthetic stones frequently contain 
bubbles which are always round or rounding in form. Natural corundum 
gems also frequently contain bubbles, but these are always bounded by 
crystal planes and are hence angular in appearance. Lacking the bubbles 
strie may be seen in the synthetic stones, especially in the rubies, and 
these strive, while parallel like those so often seen in natural stones, are, 
unlike the latter, not straight but curving. ‘The color, too, in the case of 
the ruby, is not quite equal to that of the best natural stones, although 
in this respect I hope to show that the defect is probably due to improper 
cutting rather than to any real difference in the material. The synthetic 
rubies seem also to interfere with the passage of light through them to a 
greater extent than the natural stones when the latter are clear. This 
results in a sort of general illumination of the interior of the stone. One 
might say that the material was not optically a vacuum and that the 
Tyndall effect was produced. The flashes of iight produced by total re- 
flection from the rear facets of the stone are therefore seen against a 
background of faintly illuminated material instead of against a dark 
background, as in the natural ruby. This detracts from the beauty of 
the synthetic ruby somewhat, and it is this phenomenon I believe which 
enables an expert to tel! by inspection without the aid of a lens whether 
a stone is a natural or a synthetic ruby. Some experts have claimed that 
they could tell by the touch alone whether a stone was a synthetic or a 
natural one. This difference I believe to be due to the very hasty manner 
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in which the synthetic stones are cut. They are cut abroad so cheaply 
that they can be sold in America for less than the price per carat charged 
for cutting alone by the American lapidary. It is thus probably the in- 
ferior surface finish of the synthetic stone that reveals itself to the 
trained touch of the expert. I have carefully polished a specimen of 
synthetic ruby to determine this point, and while I can feel a difference 
between the synthetic stone of commerce und the natural stone, I am 
unable to distinguish any difference between my finely polished synthetic 
stone and a natural one. 

I have shown that gem experts have decided that the boules of syn- 
thetic corundum gems are single crystals and that they crystallize either 
in the hexagonal or in the tetragonal system. Professor Moses of Colum- 
bia University said also that the parting figures suggested the hexagonal 
system. The experts also said that the crystals were anhedral or face- 
less. I wish now to add some evidence from my study of them that indi- 
cates that the boules are net altogether faceless, and then to advance 
evidence along two different lines to prove that the crystals are of the 
hexagonal system, as was indicated by the parting figures. 

Observation of a considerable number of the boules shows that there 
is a flattening on one side of nearly every boule, and an optical study 
of the boules shows that this flattening is nearly parallel to the basal 
planes of the crystal. Viewed with the dichroiscope perpendicularly to 
the flattened place there is no dichroism. The depth of color, too, is 
greatest when viewed in this direction, and that would be true of natura! 
ruby when viewed perpendicularly to the basal planes of the hexagonal 
prism. On grinding the surface parallel to the flattened place a slightly 
pearly effect is seen, and this surface thus produced is more difficult to 
polish than a surface that euts across the grain in any other direction. 
This is generally true when working parallel to the cleavage of a natural 
erystal, and thus indicates that the flattened place on the bouie represents 
the base of the prisni. On this flattened face markings appear, indicating 
distortion of the edges of the layers of the material. There is a drawing 
down and curving of the edges of the layers as they cross the basal plane 
as though some force had distorted the layers as they arrived. These 
markings go far down toward the stem of the boule, indicating that the 
direction of crystallization is early determined. In a few boules the flat- 
tening is absent, and then I have found that the optical axis lies up 
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and down the boule and that the top of the boule is flatter than in the 
other type. In such boules there is also evident a tendency toward form- 
ing a hexagonal prism with faces and angles roughly apparent. Where 
the flattening occurs on the side of the boule, which is the usual case, it 
does not form a perfect plane, being apparently interfered with—perhaps 
by the surface tension of the semi-plastic mass. The longest horizontal 
diameter of the boules (they are made with the stem of the pear acting 
as a vertical support) is invariably parallel to the flattened face. On the 
side of the boule opposite to the flattened face there is sometimes another 
and smaller flattened face approximately parallel to the first. This, too, 
shows evidence of distortion of the lines representing the edges of the 
strata of accretion. 

From what has been advanced in regard to these imperfectly devel- 
oped basal faces I think that the term anhedral as used to describe the 
boule should be qualified. The boules are nearly anhedral, but not quite 
so. The forces of crystallization succeeded in forming a single crystal in 
spite of the adverse forces acting upon the boule, but they were unable to 
face up the crystal except imperfectly, as has been described. 

I will now pass to my next topic and offer evidence of the hexagonal 
character of the boules. On examining the flattened surfaces described 
above, by means of a compound microscope with a magnification of several 
hundred diameters, I found that by proper focusing I was able to trace 
the outlines of minute crystals which formed a species of frost work upon 
the surface of the boule. These crystals were all of similar orientation, 
and their orientation was nearly that of the boule itself. When viewed 
perpendicularly to the flattened place on the boule the minute crystals had 
hexagonal forms (Iigs. I a and b). When viewed at right angles to the 
basal plane of the boule rectangular figures representing the edges of 
hexagonal plates were seen (Figs. II a and b). The evident hexagonal 
form of these minute components of the crystal and their common ori- 
entation would seem to prove the hexagonal character of the boule on a 
crystallographic basis independently of the optical evidence. 

I find also that by examining fractured surfaces of ruby boules with 
similar magnification (i. e., several hundred diameters) I can find sharp 
hexagonal cavities out of which hexagonal plates have been torn by the 
fracture as though there had been a species of molecular cleavage. This, 
too, would seem to confirm from a crystallographic basis the hexagonal 
structure of the boule. 
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As further evidence of this structure I find that in the case of a 
cabochon cut (smooth, convex upper surface) ruby which I myself cut 
from a fragment of a boule, I can plainly see a six-pointed star when 
viewed in direct sunlight or even when seen by the light of a single candle. 
This star effect is due to the presence in the material of microscopic bub- 


bles, which produce somewhat the same effect as is produced by dust 


ti ure IA Ruby 
Viewed on flat side: 


particles in a beam of light crossing a darkened room. ‘The six-pointed 


character of the star plainly indicates that the material has the hexagonal 
arrangement, as a tetragonal crystal under similar conditions would pro- 


duce a cross rather than a six-pointed star. 


Having, as I believe, sufficiently shown that—as would be expected 


from its resemblance to the corundum gems of nature—the artificial gem 
corundum forms single hexagonal crystals, I will now briefly indicate 
how practical advantage may be taken of this fact in the cutting of fine 


gems. The lapidary may now by mere inspection of the boule determine 


YellowSapp hire 
Viewed on flaltenedside. 


(by finding the flattened side) the location of the basal planes of the 
crystal. He should then cut the stone so that the finished product will 
have the table (large top facet) parallei to the flattened place on the 


boule (i. e., parallel te fhe basal planes of the crystal). Now a study 
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of hundreds of cut stones of the synthetic type has shown that rarely 
if ever is one cut in accordance with this rule. Hence the fine deep 
color of the best specimens, of natural ruby, for example, is almost never 
equalled in the synthetic stones. By roughing out a ruby to nearly its 
finished form myself and then having a skilled lapidary facet it I have 
obtained a cut stone which I believe to be as deep and pure in color as 


the best of the natural stones. The synthetic stones of commerce seem to 


fig IA Yellow Oapphire 
iewed on top 


be eut as the boules break, and I find by opening boules myself that they 
nearly always break in such a direction that to cut the finished stone as 
it should be cut would waste two-thirds of the material; that is, a much 
greater spread in the finished stene may be had by cutting it as it breaks 
‘ather than by cutting it as it should be cut to obtain the best color. I 
have tried to guide the break by using the natural edge of a diamond crys- 
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tal so as to split the boule to favor the correct cutting, but the crack 
tends to turn around to the other side of the boule. I suspect that this 
is due to the following fact: AS was said above, the flattened face of 
the boule is almost always parallel to the Jonger axis of the oval cross- 
section of the boule. Now natural ruby tends to cleave parallel to the 
basal planes, but only feebly so. The boules are under internal strain, 
somewhat as Prince Rupert’s drops are, and when the surface of the 


boule is abraded even slightly, cracking follows and the strain is relieved. 


Figure OB. Ruby 


iewed on top: 


By cracking along the length of the boule at right angles to the plane of 
the flattened surface a smaller cross-section is made than would be made 
were the boule to split paralle! to the basal planes. The natural cleavage 
is so feeble that I suspect the split follows the other direction as a line 
of least resistance. At any rate the boules split contrary to the natural 
cleavage and disadvantageously as regards cutting to produce the best 


color. By slitting with the diamond saw after the break has occurred 
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the practical lapidary can still utilize the material advantageously and, 
keeping run of the position of the basal planes by means of the flattened 
place, can indicate in some manner upon the surfaces of the fragments 
where the table of the finished stone should be laid. 

By giving due attention to this matter, synthetic rubies and sapphires 
equal in depth and purity of color to the fine stones of nature can be 
produced. They will necessarily be sold at a higher price than most of 
those now on the market, but they will be worth more and should find a 
moderately large market among people of taste and discernment who have 
always loved to look upon fine natural sapphires and rubies, but who 
were unable to possess them at the prices commanded by the rare natural 
product. 


Shortridge High Schoal, 


Indianapolis, Ind., Now. 27, 1912. 
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On LINEAR DIFFERENCE [EQUATIONS OF THE FIRST ORDER WITH 
RATIONAL COEFFICIENTS. 


By Tuos. E. Mason. 


This paper treats of the behavior of the solutions of a first order linear 
difference equation with rational coefficients as the variable approaches 
infinity in a strip parallel to the axis of imaginaries. A unique characteriza- 
tion of certain solutions is obtained to within the determination of a finite 
number of constants. The same problem has been discussed by Mellin.* The 
treatment here given is much shorter and simpler. The proof has been sim- 
plified by making use of the asymptotic expansion for the gamma function 
and by lemma II found in $1 of this paper. The use of this lemma has also 
permitted the removal of some restrictions made by Mellin. 

Carmichaelt has shown that certain solutions of the first order homo- 
geneous linear difference equation are uniquely characterized by their be- 
havior as the variable approaches infinity in the positive or the negative 
direction parallel to the axis of reals. 

§1. Lrmnas. 
Lemma ll. Jf x = z+ 12}, xj = uj + ivi, x4} = uli + ivij, then 


100 Go 0 


lim [/—x, Ves Sa Sn ares = «| Z| 
Zi=+@ |— = Zz} es 
[Ge—xa)) ame. | — xe) 
O-+ (m—n)z+k | 
e i—c 
| 
where 
Z1—vj Zi—yv}lj n m 
Oj = tan—'——_, Oj = tan—'——- and O = Vv Oj vii, 
Z—uij zZ—W}j jJ=1 j=1 
and wheret 
n m 
k = 2R (x4) —2 R Gi) 
i dic 


*Acta Mathematica 15 (1891): 317-384. Sce §$1-3 of the paner. In §3 of an article in Mathema- 
tische Annalen 68 (1910): 305-337, Mellin has defined a function by means of the linear homogeneous 


equation 
F(x+1)—1r(x) F(x) =O, 
where r (x) has the particular form 
(x—x1).... (x—xm) 
r(x) =+——_$_—_—_—_———- 
(eS) 6 oo (CS) 
{Transactions of the American Mathematical Society 12 (1911): 99-134. 
#R{(x) is used to denote the real part of x. 


182 


We make use of the following form of Stirling’s formula: 


ae : ee 

\(x —x1) = (x — x) e y 2x (1 + Ex), 
where Ex approaches zero as x approaches infinity in such way that its distance 
from the negative axis of reals approaches infinity. 


Then we have 


Paes —X- Xi x — Xa = 
lim l\(x —x1) . (x—x) e =e. 
x = 00| | 


Set x = z+ iz' and x; = u; + ivi, where z, z!, uy, vi are real, and let x approach 
infinity, A < R (x) < A + 1; then we have 


lim wt —z—12'+ur+ivits 2+iz—ui—ivi 
Zi= +0 ||(x—x1) . (2+iz'—u;—iv1) e 
=¢, 
Hence 
lim Bu (—z2—iz!+u;+ivit3) (log py (z—u,)2+ (z1—v1)?+10)) 
Zi= + ||(x—x,).e 
Z—Us | = 
= ie, 
e | 
where 
i — N 
O, = tan=! : 
Z—W 
vg 
Now z — u,; >0, therefore when z! = + », O; = — and when z! = _ 0, 
Tg 
O, = __—. Thus in the above limit after mulitplying the factors in the 
2 
Tg 
exponent of e, we can replace z'O, by —|z'|. Then by rearrangement and sim- 
2 
plification we can write 
Tv 
lim kes —z+u+4 —|z2)| z uy On ile 
Zi = + 00||(x —x,). a! e 2 e : 


Making use of limits of this form for each of the gamma functions in the 


expression in the lemma, we have the lemma. 


LemMa II. Jf p (x) is a periodic function of period 1 which is analytic 
everywhere in the finite plane and as z! = + % (x = ~% + iz') satisfies the relation* 


Gb eae | — tx|z'| — Qz}| 
zi = + o|p(x)e | = jo. 


b finite, t positive, then p(x) may be written in the form 
C 2nijx 
(2) p@&) = = Bie 
jar 


*L 1 + 4 xy denotes the greatest value approached as z! = + ®. 
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where q is the greateat integer < is — 2 and r is the greatest integer < vi =F 2 : 
= 2 21 = 2 2 
and conversely, every periodic function of period 1 which can be written in the form 
(2) is analytic in the finite plane and satisfies a relation of the form (1). 
Since p(x) is periodic of period 1, it takes in any period strip all the 
values it takes anywhere in the finite plane. The transformation 


2a1x 
w=e 


carries a single period strip of the x-plane into the whole w-plane, z! = + « 
corresponding to w = 0, and z! = -~ tow = ». 


We can now write 
p(x) = f(w) 


and since f(w) can have only the singular points zero and infinity it is ex- 
pansible in a Laurent series 
00 ; 
f(w) = = Biw’ 
eo 
valid throughout the finite plane except at zero. 
Using the fact that 


— 2x7! 
Iw] =e 
we get 
t Q 
—tx|z!|—Qz! — + — 
p(x) e =| f(w) w 2 Qr 
when z! is positive, and 
re eee ae 
—tr|z'!]—Qz} —|— — —| | 
p(x) e = |f(w) w 2 Qn} | 
when z' is negative. Asz! = + 0, w + 0 and 
Te | 
L — + — 
w = 0 |f{(w) w 2 22 || = 1D, 


Hence the part of the series f(w) with negative exponents can not have co- 


t Q 
efficients different from zero for j greater than the greatest integer << — + —. 
= 2 25 
As z! = —o, w = © and 
(ag Q 
10 = 5 oe ae 
w= olf(w) w 2 we || | = Joe 


Hence the part of the series f(w) with positive exponents can not have co- 


t Q 
efficients different from zero for j greater than the greatest integer << — — —. 
= 2 21 
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Therefore we can write 


q 2Qnijx 
p(x) = = Biw = 2 Bie 
jar jea 
t Q 
where q is the greatest integer <— — — and r is the greatest integer 
= 2 2 


t Q 
< — + —. From the definition of Q given in §2 the values of q and r will 
= 2a 
not differ by more than 1 in the problem of this paper. 


The converse is obvious. 
§2. HomoGrENrEous EQUATIONS. 
TuHeoremM. very first order linear homogeneous difference equation with 
rational coefficients, as 
F(x + 1) — r(x) F(x) = 0, 
where v(x) can be written in the form 


SES Sa hn elke ror, ; 
Ts) — a ,a = heiQ — <<Q<z, 
(x — x',).. (x— x'n) = 


has a solution F(x) which has the following properties, provided that each of the 


m—n Q 
numbers ———— + —— is greater than zero, or in case m = n that Q = 0 and 
a 2 
n m 
k= Ra«j)— =z R(x) < 0. 
1] j=1 = 


I. F(x) is analytic in the finite part of the x-plane defined by R(x)>D, 
where D is the greatest among the real parts of x1, X2,..., Xm. 

II. As x approaches infinity in the strip parallel to the axis of imaginaries 
defined by A<R(x)<A+1 (A>D) the absolute value of F(x) remains finite. 


Every such function F(x) can be written in the form 


ONE — ae ge a 271jx 
F(x)=a* — x Bie ; 
(x —x})....|(x— xa) J= —? 
m—n Q 
where q is the greatest integer* < — — — and x the greatest interger* 
t 20 
m—n Q 
< a= Sp 
4 2 
m—n Q 
*The inequality sign should be replaced by the equality sign in case each quantity ——— * -— 
| 27 


is yn interger and at the same time the exponent cf z! in the expression in lemma I, §1, is > 0 ,that is 


when (m—n) (—z+1/2)—k > 0 tor all values of x in the strip defined in condition IT of the theorem. 
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a 
Thé quantity a F(x) evidently satisfies the difference equation of the 


theorem, where 


F@x)= 


KGc——S'c) ores |(x— xm) 


x 

a F(x) also satisfies I since in the region defined the gamma functions in the 
eal 

numerator are analytic and in the denominator are different from zero. a F(x) 


being a particular solution of the difference equation, the general solution is 


OO) = ean aleay 
where p(x) is an arbitrary periodic function of period 1. 
From the limit in Lemma I, §1, it is evident that I and II will be satisfied 
if, and only if, p(x) is chosen so that it is analytic everywhere in the finite 
plane and when x = ~, A < R(x)< A +1, satisfies the relation 


x 
| a p(x) 
L = |p, 
gi= + w m—n 
(m — n)(— z2+3) — k O+(m — n)z+k |Z] | 
ze e é> 2 
| x| zZ —Qz! | 
where b is finite. This can be written ||a | = h e 
| (mn 
—|——| =|2!| — Qa 
p(x) e ae th) h’ 
L | = Io. 
a ei (m — n)(— z+3) —k O+(m —n) z+k | 
YA e 


The use of Lemma IT, §1, gives the form which p(x) must take to satisfy this 
relation and thus completes the proof of the theorem. 

F(x) will in general be uniquely determined if its value is known at q+r-+1 
different points at which it is analytic. For then we should have a set of 
q+r+1 equations linear in the B’s from which we could determine the con- 
stants Bj. 


The form of the periodic function p(x) obtained by Mellin is 


AG Ap 
p(x) = sinz(x—e;)..... sin x(x — ep) J ——————__+ .. +———————_ ] , 


sin «(x — ¢:) sin «(x — ep) 
where the c’s are arbitrary with the exception that no two can differ by an 
integer. Mellin restricted a to be a real positive quantity and in case this 
is done the q and r of this paper become equal. In that case the identity of 
the periodic function of Mellin and the periodic function of this paper can be 


dt io I] 
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2aix 
shown by making the transformation w=e and equating the coefficients of 


like powers of w in the two transformed expressions for p(x). This gives a 
system of p linear equations to determine A;, A»,.. ., Ap, where the p of 
Mellin’s paper is equal 2q+1. 


§3. NON-HOMOGENEOUS EQuaTIONS. 


THEOREM. [f r(x) and s(x) are rational functions of the form* 


(x —x1)....(x— xm) (x —x,!!) .. (x — x!Jg) 
r(x) =a——___________—_—. s(x) =b 
(x —x},) ... (x — xn) (x —x},)... (x — x!n) 


where m > n, then the series 


L s(x-+t) 
S(x) = 
t=o r(x+t) r(x+t— 1)... r(x) 


is always uniformly convergent for \a\>1 and for |a/=1 when m>n, and is uni- 


formly convergent for \a|=1, m=n, when k — (g — n)>1, where 


m 
c= 5 R(xj!) — LY R(x). 
j=1 j=1 


If the conditions for the uniform convergence of S(x) are fulfilled, then every 

first order linear non-homogeneous difference equation with rational coefficients, as 
F(x+1) — r(x) F(x) =s(x), 
has a solution F(x) which has the following properties: 

I. F(x) ts analytic in the part of the finite x-plane defined by R(x)>D, where 
D is the greatest among the real parts of x;, X», ..., Xm. 

Il. Jf x is confined to the strip parallel to the axis of imaginaries defined by 
A<R(x)<A+1 (A>D) the absolute value of F(x) remains finite as x approaches 
infinity. 

Every such solution F(x) can be written in the form 


i(x — x1) Sele \(x — xm) a 2n1jxX © s(x +t) 
F(x)=a*— YBije - M - = — —_-— —--—___.,, 
(Se —— 5) 2s ss (x —x'n) j=-r t=o r(x+t)r(x+t — 1). .r(x) 


r and q being defined as in the theorem in §2. 


In the equation 
F(x+1) — r(x) F(x) =s(x) 
make the substitution 
F(x) =f(x)u(x), 
where f(x) is the solution of the homogeneous equation given in the theorem 


*If r(x) and s(x) do not already have a common denominator they can easily be reduced to ex- 
pressions with a common denominator. 
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in §1. This gives 
f(x+1)u(x+1) — r(x)f(x)u(x)=s(x). 
Since f(x+1) — r(x)f(x)=0 we can divide by r(x)f(x) and we have 


s(x) 
u(x+1) — u(x)= — 
r(x)f (x) 
or 
0 s(x+t) 


u(x) =p(x) — xX 
t=o r(x+t)f(x+t) 


where p(x) is an arbitrary periodic function of period 1. Now 


f{(x+t)=r(x+t—l)f(x+t—l)=....... =r(x+t—1)r(x+t—2) .... r(x)f(x). 
Making this substitution in the preceding equation we have 
oo s(x+t) 
u(x) =p(x) ny : 
t=o r(x+t) r&x+t—1)..... r(x)f(x) 
If we choose p(x) =0 we have 
00 s(x+t) 
F(x) =f(x)u(x)= — 
t=o r(x+t) r(x+t—1)....r(x) 
F(x) is then a solution satisfying I and II provided that 
s(x-+-n) 
S(x)=uo(x)+ui(x)+us(x)+...., un(x) = 


r(x--n) r(x-+n — 1)... r(x) 
is analytic. S(x) is analytic provided that it converges uniformly in any 
closed region T lying in the strip defined by the relation A<R(x)<A+1. 


In the region T in the strip under consideration the following ratio of the 
(t+1)th term to the t-th term holds for every value of x in that region. 


| 


| 
Beret | 1 s(x+t) | 
ke ie esa s(x+t — 1) | 
|1/ n—m n—m—1 \ 
(5) =|—{t [k — n—m R(x)]t a ene r 
| a J 
f l 1, (x) | 
Se = == I, 
( t? | 
where k has the same meaning as in §1 and l=g—n. Whenn=m (5) becomes 
| 
ae eel i et } 
(6) =—|{1+ —-+.,... terms in —, —, etc.}|. 
u, | ial || t be eae }| 


In considering the value of this ratio we shall need to examine the fol- 


lowing cases: 
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(1). When n>m (5) shows the ratio to be greater than 1 and therefore 
the series S(x) diverges. 

(2). When n<m (5) shows that for increasing t the ratio approaches 
zero and therefore the series S(x) converges. 

(3). When n=m we see from (6) that the convergence of the series de- 
pends on the value of Ja). 

If |al>1 the ratio ultimately approaches a quantity less than 1 and 
therefore S(x) converges. 

If 


If |a|=1 the series will converge when* k — 1>1. 


a|<1 the ratio is greater than 1 and S(x) diverges. 


In the cases where S(x) converges, except where n=m and |a|=1, the 
ratio Ut+i,/us has been shown to approach a quantity which is less than 
1 for every x in T. Hence an M and an r ean be found such that 

M+Mr+Mr? +Mr? +Mrt+........ 
is a convergent series of positive constant terms which is greater term by 
term than the series 

) Uptujytuetust+....... 
for every x in T. Therefore the series S(x) converges uniformly in T and is 
an analytic function in that region since each term is analytic in T. In case 
n=m and 


al =1 we see from (6) that the coefficient of 1/t does not contain 
x but that the coefficients of higher powers of 1/t do. These coefficients are 
polynomials in x. If we replace each x by a quantity which is greater 
than the greatest absolute value of x in T and replace the coefficients of the 
powers of x by their absolute values, then the ratio (6) is increased but is 
still such that a series of positive constants can be constructed which is con- 
vergent and is term by term greater than the series (7). Hence S(x) con- 


verges uniformly in T when n=m and |: 


=1 and is therefore analytic in T. 
But T is any closed region in the strip and hence S(x) is analytic throughout 
the strip. 

Under the conditions of the theorem S(x) has been shown to be a solution 
of the difference equation of the theorem with the required properties I and 
II. The general solution having those properties will be obtained by adding 
to this particular solution the general solution of the homogeneous equation 
as found in the theorem of §2 which has the same properties. This com- 
pletes the theorem. 


*In accordance with a theorem of Gauss. Se2 Opera, vol. 3, p. 139. 


Bloomington, Indiana. 
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A NOTE ON THE INTERSECTION OF OSCULATING PLANES 
TO THE TWISTED CUBIC CURVE. 


By A. M. Kenyon. 


On page 15 of his Differential Geometry Eisenhart proposes an exercise 
to show that on any plane there is one and only one line through which can 
be drawn two osculating planes to the twisted cubic. 


§1. 
The twisted cubic 


ag t+ ait + az,t? + a; t? 


fc do + dit + d. t? + d; t3 
bo + bit + be t? + bs; t? 


v= 
d, + d, t +d, t? + d; t? 
eo t+ ei1.t+e. t? +e; t3 
i= 


dy + d, t 4. ds» iG + d; t? 
| ao a, -a2 (a3 | 
bo b, b» bs 
Co C1 Cs C3 | = Oo (since the curve is twisted) 
dy d, ds ds 


is carried over by the nonsingular linear transformation: 
aux’ s+asy’ + az’ + ao 


>, 4 Se 
dix’ + dey’ + daz’ + do 
bix’ + boy’ > b3z/ + bo 
y= 
dix’ + doy’ + daz’ + do 
Cre SAN ae Se (eh 
Z — 
dix’ + dey’ +.dzz’ + do 
into the cubic 
es Viet Vie 


planes, straight lines, and points, go over into planes, straight lines, and 
points, respectively, and in particular, osculating planes go into osculating 
planes. 
The equation of the osculating plane to the cubic 
x=t y=t z= t? 
at the point whose parameter value is t, is 
3t2x — 3ty +z2—t? =0 
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There is no line in space through which pass three such planes: 
atx — stiy + z— ti? = 0 
3t.’x — 3tey + z2— t.2 = 0 ti, te, ts, all different, 
3t3°x — 3tsy + z—t,? = 0 
for the determinant of the coefficients of x, y, z, is equal to 
9 (t: — te) (te t3) (tz — ti) = 0 


and therefore the three planes are linearly independent. 


§2. 
Given a real* plane 
E: ax + by +ez+d=0 a, b, ec, not all zero 
and the cubic 
Kes x =t y=t? z= t? 


The equations of the planes which osculate K at any two distinct points 
Pi (ts), Pete), ty te, determine 2 line 
i: x =s/3+u y = p/3 + su z = 8put 
where s = ti + to, p = ti tz, and u is a parameter. 
That L lie on E, it is necessary and sufficient that 
(1) ast+tbp+3d=0 
bs+3cp+ a=0 


Write the matrix of the coefficients of equations (1) 


| 


a b 3d) 
M: 
lb 3¢e al| 
and set la bl la 3d b 3d 
A = ie B = ) = 
b 3c b a 3c. a 
§3. 
Suppose A = 0. Equations (1) have the unique solution: 
s=C/A p=—B/A 
whence t; and t, are the roots of the quadratic equation 
(2) At?—Ct—B=0 


Therefore if two distinct planes osculate K and intersect on E, (in case 
A + 0), it is necessary that 4 A B + C2? > 0, and that the parameter values 
of their points of osculation be the roots of the quadratic (2). 

This condition is also sufficient, for if A = 0, and if 4 A B + C? >0 equa- 
tion (2) determines two real numbers t; and ts, and if we set s =ti + te, 


p = t, te, these numbers satifsy equations (1), and the line x = s/3 + u, 


*This problem is treated throughout asa problem in Geometry, not one in Alzebri. 
tThes2 equations hold even if one of ti, te, is zero. 
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y = p/3 + su, z = 3pu, lies on E and is the intersection of two planes which 
osculate IK. Moreover, since under these conditions, ti, tz, s, p, are uniquely 
determined, there is no other line on E through which pass two planes which 
osculate K. 


If4AB+ C <0, equation (2) has one real root, or no real root, and 
there exists on E no line through which can be drawn two planes which 
osculate Kk. 

$4. 

Suppose A = 0 but B and C are not both zero. Equations (1) have no 
solution. There is no line on E through which pass two osculating planes. 

The results of §3 and §4 may be combined into a theorem: 

Tf not all the determinants of M vanish, there is exactly one line on E, or 
no line on E, through which pass two osculating planes, according as the 


equation A t®» — Ct — B = O has or has not two real roots. 


§5. 

Suppose all the determinants of M vanish. Under these conditions E 
itself osculates K; for, in order that the equation at +bt?+ ct? +d=0 
have three equal linear factors, it is necessary and sufficient that A=B=C=0. 

The plane z = 0 osculates K at the origin. If E osculates K, the point of 
osculation is (—a/b, a2/b?, —a3/b?) if b = 0, but (0, 0, 0) if b = 0. 

The number of osculating planes which can be drawn to K from a point 


P (x, y, z) is equal to the number of real roots of the equation in t 


(3) t? — 3xt? + 3yt —z = 0 
Write down the matrix* 
1 —x y\| 
MM”: | 
= y =| 
and set 1 —x{ 1 y| a ene 
a |, By =. : Ca— 
—x_ yl —x—¥Z || 


then the discriminant of (3) is 
[DeAY B’| 
IDY 5} 
B’ 2 OY 
The points of the plane E may be classified as follows: 
(1) Suppose at a point P of E, D>0. 


—GEXx DEYan||| 


| 3 ’ 
*Reduced from 1 Sere a hy || 
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Equation (3) has three real roots, t:, te, ts; one of these t; say, determines 

E itself; the other two determine a pair of oscultating planes: 

3 to? x — 3 te y + z— t23 = 0 

3 ts? x — 3 tz y -—- z2— te; = 0 
distinct from E and from each other; their intersection does not lie on E, else 
would the three oscultaing planes be linearly dependent. Therefore, these two 
planes cut out from E a pair of lines intersecting in P, through each of which 
passes a pair of osculating planes. E itself and one other. 

(2) Suppose at a point P of E, D = 0 but A’, B’, C’, are not all zero. 

Equation (3) has only two *roots, both real; one of these determines E 
and the other determines an osculating plane distinct from E which intersects 
E in a line through P. 

(3) Suppose at apomt Pof E, A’ = B’ = C’ = 0; then is D = 0: 

There is in fact only one point on E at which A’ = B’ = C’ = 0, for from 
these equations follow x=x, y = x?, z = x®; therefore P is on K and is therefore 
the point of osculation of E and K. Under these conditions equation (3) has 
only onet root and that determines E. 

(4) Suppose at a point P of E, D < 0. 

Equation (3) has only one real root and that determines E. 

These results may be combined into a theorem: 

If all the determinants of M vanish, E itself osculates K. Through every 
point of E at which D>O there may be drawn a unique pair of lines on E, through 
each of which pass two osculating planes; through every point of E at which D=O 
(except the point where E osculates K) there may be drawn a unique line on E through 
which pass two osculating planes; through every other point of E (including the 


point of osculation) there exists no line on E through which pass two osculating 


planes. 
$6 
Examples: 
iW i: 3x+3y—2z2—5=0 
M: [3 3 — 15]| 
| |, A=—27, B= 54, C=—8l1. 
sae =26 3} 
(2) P84 9 30 ti=1,t:=2,s=3,p=2 
Li: x=1+u, y=2/3+3u, z= 6u. 
Through L pass the two osculating planes: 


ox — dye 4 b= 0; 1IZx— by + z2— 8=0. 


*That is, two equal linear factors distinct from the third linear factor. 
{That is, three equal linear factors. 
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Pe Nae x+38y+2=0. 
1 3 Ol 

M: | A=—G B=, C=s, 
3 3 1\| 

(2) 6t?+ 38t+1=0. No real root: no line. 

3 Lbs x+2y+z2=0. 
1 2 0) 

M: | At =e een C= 
2 3 1 

(2) t?+2t+1=0 Only one root: no line 

ihe a he a8x+t3y+2—1=0 
3 3 —3 

M. ~~ A=), (By =e; C= 18 
3 3 3 

(2) t+1=0 Only one root: no line. 


Oe By: 3x—sy+2—1=0 
3 —o —3| 


M: N= 18} =C = 0. 


—3 3 | 
E osculates K at (1, 1, 1) i. e. where t = 3/3 = 1, see §5. 
a) Consider the point P (— 2, 1, 10) on E 


1 2 1|| 
M’: || A’ =—3, B’ = — 12, C’ = — 22, 
2 1 —10)}| 
D = 360; two lines on E through P; 
(3) t?+6t74+3t—10=0 t=1,t.,=—2,t3 = —5 
Lines through P: 
Li: x =—2—u, y=l1+u, 2z=10+6u 


through which pass osculating planes 
BX = aiWviae 4— il = 0, 12x - Gy + z+ 8 = 0. 
Le: SSA SH Map hw, 4 = NO Se LD le 
through which pass osculating planes 
3x—3y+2—1=0, 75x+15y +2+ 125 = 0. 
b) Consider the point P ( 2, 3, 4) on E 


1 —2 3 
M’: Alea les — 2, (Ce —— 1D = 10, 
—2 3 —4 
(3) t?}—6t2?+9t—4=0, ti=1, tz. =4 
Line through P: 
Ibe X=2-u, y=s-+5ou, 2=—4-+ 12.0, 


138—53215 
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through which pass osculating planes 


3x—3y+2z=1, 48x—12y+2= 64 
c) Consider the point (0, 0, 1) on E: 
\|1 0 0 
M’: | | A’=0, B’/=—1, C’=0,D=—3. Noline. 
0 0 —1| 
In case E is an osculating plane different from z = 0, and P is on E,t=—a/b 
is a root of equation (3), which can consequently be depressed to the quadratic 
(4) (bt)?— (a + 3bx) bt + a( a+ 3 bx) + 3b? y =0 


and the number of osculating planes through P which are distinct from E is 
equal to the number of real roots of this equation which are different from —a/b. 
d) Consider again the point P (—2,1,10) on 3x—3y+2z=1 
(4) t?+7t+10=0 ti = —2 te = — 5 
both different from 1; therefore two lines as before under a). 


e) Consider the point P (— 1, 0, 4) 


(4) t?+4t+4=0 t=—2 
one root different from 1; therefore one line 
L: x =—1—u, a — Ue z=4+6u 


through which pass osculating planes 
3x — 8y +z—1=0, and 12x+6y+2+8=0 


§7. 

The case where E is an osculating plane may also be treated geometrical- 
ly by making use of certain considerations given in a later chapter of Eisenhart’s 
book. The equation of the envelope F, of the osculating planes to K is ob- 
tained by equating to zero the discriminant D of equation (3): 

(5) 3x*y? + 6xyz — 4x3z — 2? — 4y* = 0 

Since x = t, y = t?, z=t?, satisfies (5) for all values of t, K itself lies on F; 
in fact, K is the edge of regression of F. 

A given osculating plane E not only touches F, but in general cuts out from 
F aplane curve H, which passes through the point where E osculates Kk. Every 
osculating plane different from E, cuts E in a line tangent to H; conversely 
through every straight line on E tangent to H passes an osculating plane which 
is distinct from E.* The curve H divides E into two or more regions throughout 
each of which D is always positive or always negative and therefore serves to 
classify the points of E into those through which can be drawn two lines, or one 
line, or no line respectively, which is the intersection of two osculating planes, 


*Unless perchance this line is a part of H, as is the case with the x-axis on the plane z=0. 
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On the osculating plane z=0 the curve H consists of the x-axis and the para- 
bola 3x? = 4y. It divides the plane into four regions: Ry, the top half plane; 
Ro, that part of the lower left quarter plane which is ‘‘outside”’ the parabola; Rs, 


ce 


that part of the lower right quarter plane which is ‘‘ouside’’ the parabola; Ra, 
that part of the lower half plane which is ‘‘inside’’ the parabola. Throughout 
the first three regions, D > 0, while in the fourth region, D < 0; everywhere 
on H itself of course D = 0. 

Any other osculating plane 3 t?x —3ty +z2—t*=0,t +0, cuts the plane 
z = Oin the line 3tx—3y—t*? =0. This equation represents the one para- 
meter family of lines which envelope the parabola 3x? = 4y. The parameter t, 
is in fact the slope of these tangents. 

From any point in Ry», two tangents can be drawn to the parabola and 
through each of these pass two osculating planes; from no point in Ry can a 
tangent be drawn to the parabola and through this region of z = 0 there passes 
no line which is the intersection of two osculating planes. Through any point 
on the parabola itself one and only one tangent can be drawn and (excepting the 
tangent at the origin) this is the intersection of two osculating planes. Through 
any point (except the origin) on the x-axis, which is a part of H, two tangents 
can be drawn to the parabola but one of these is in all cases the x-axis itself, 
through which passes no osculating plane distinct from z= 0. Therefore 
through any point (except the origin) on the x-axis there passes one line which 
is the intersection of two osculating planes. 

Examples on the osculating plane z = 0. 

a) Consider the point (0, —3, 0) in Ri 


3tx—sy—tv?=0 givesti = 3 t2 =— 3 
Li: 3x — y— 3 =0 through which pass osculating planes 
27x — 9y +2=27 and z=0 
Le: 3x + y + 3 =0 through which pass 


21x 4- Wy -- 2 = 24 = 0. and’ z = 0 
b) Consider the point (1/2, — 3/2,0) in Ri 
3tx—<dy—t?—=0 gives ti = 3 t2 =—3/2 
Ibe same as L,; under a) 
Ls: 6x+4y+3=0 through which pass 
D4 Sy ae — 0) and z — 0 
c) Consider the point (2, 3, 0) on the parabola 
3) 1b 28 == 8) yi 


ILE same as Li under a) 


t? = 0 gives t= 3 
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d) Consider the point (1, 0, 0) on the x-axis 
3tx—3y—t?=0 gives t =0 t2=3 
t = 0 determines the x-axis; t = 3 determines the line 


L: same as Li under a). 


These examples are illustrated by the accompanying figure. 
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WABASH STUDIES. 


CHARLES R. Dryer. 


I. 
TERRACES OF THE WABASH VALLEY IN PARKE, VERMILLION AND VIGO COUNTIES. 


The most conspicuous features of the lower Wabash Valley are the 
heavy gravel terraces, which are almost everywhere present on one side or 


- 


Figure 4. Bluff Slope from Island Terrace. 


the other, and sometimes on both sides. During the last two years, with 
the help of my students, I have extended the study of the Terre Haute 
area up the river as far as Montezuma. The results are shown in the 
accompanying sketch map. (Fig. 1.) 

The Montezuma Terrace has been studied only at its lower end from 
Montezuma to its southern termination. It is complex, rising by two or 
three steps to a height of 45-50 feet above the flood plain or about 525 feet 
A. T. At Montezuma its width is 13 miles, 
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The Clinton Terrace has not been fully stedied. but is known to extend 
from near Hillsdale to the mouth of Brouillet’s creek, a distance of 12 
miles. It is two miles or more in width and lies at two levels, the lower 
in the southern half about 80 feet above flood plain or 495 feet A. T. Near 
Summit Grove it rises by a distinct bench 20 feet higher. 

Island Terraces. Between Clinton and Montezuma there is a line of 
mid-valley terraces divided by cross-depressions into five islands. ‘They 
are generally flat-topped with a rather sharp border 20-30 feet high on the 
river side and a less definite boundary on the bluff side, where they slope 
gently to a depression lower than the river banks. (Tig. 4.) The southern- 


most member of the series is unique. Its surface presents a confused 


Figure 5. Clinton Kame Terrace. 


assemblage of hills and hollows, the highest point rising 40 feet above 
flood plain. (ig. 5.) ‘The surface is fine clean sand which may be a wind 
deposit, a conclusion which the topography alone would justify. The sand 
is underlaid at a depth of 8 to 12 feet by coarse gravel. If the topography 
is determined by gravel deposits they are not alluvial, but can be classified 
only as a kame with an eolian yeneer. If the island is wholly eolian it is 
difficult to imagine why the wind should be so efficient there and without 
effect anywhere else. If it is glacio-fluvial, at core a kame, it means that 
when the ice sheet covered the valley bottom, this point was the mouth of 


a sub-glacial stream. In any case, it is one of the most interesting features 
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of the valley. Its peculiar sand dune flora intensifies its insular character 
and makes it as fine a field for the student of plant ecology as for the 
student of geology. 

An island terrace at West Terre Haute originally occupied about one 
square mile, one-fourth of which has been removed by the railroad com- 
panies for ballast. 

Rock Terraces. In the vicinity of Terre }Ilaute the front of the west 
bluff is bordered for five or six miles by a rock terrace 10-20 feet high and 
in some places a quarter of a mile wide. This is due to a thin stratum of 
flinty limestone which has resisted erosion more effectually than the shales 
which lie above it. 


The Terre Haute Terrace oceupies the eastern part of the valley from 


Figure 6. Atherton Island—West Bluff. 
Lyford, opposite Clinton, to the southern boundary of Vigo County, a 


distance of about 27 miles. Its width is generally 3-4 miles, but near its 
northern end it is divided by the south end of a piece of highland which 
we call Atherton Island. (Fig. 6.) The eastern branch, 24 miles wide, 
extends through a gap in the Wabash. bluff 5 miles northeastward to 
Rosedale, where it becomes continuous with the floor of the valley of Big 
Raccoon Creek. The western branch, between the west side of Atherton 
Island and the river, tapers to a point opposite Clinton. At Terre Haute 
the surface of the terrace lies 500-510 feet A. T. or 40-50 feet above flood 
plain and is diversified by a series of longitudinal ridges 10-20 feet high 
which resemble sandbars. These are shown in the series of four transverse 
14— 332138 
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profiles, drawn at intervals of two miles. (Fig. 2. They are in some 
places broad, flat and irregular, but have the habit of growing narrower 
and higher to the south, where they end abruptly. Their topography can 


be shown only by a closely contoured map, which is in process of con- 


Figure 7 


struction but not completed. In the northern part the river edge of the 
terrace rises 75-SO feet above flood plain, or to 535-540 feet A. T. A broad 


ridge extending southward from Atherton island reaches 550 feet A. T. 
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Borings at Terre Haute pass through 1380-150 feet of gravel and at 
Lyford 160 feet. The structure as exposed in excavations is coarse sand 
and fine gravel, poorly stratified and exhibiting a great variety of cross- 
bedding in which the dip is nearly everywhere down stream. At Terre 
Haute the principal bedding is nearly regular, the average thickness of 
each bed seldom being more than one foot. (Fig. 7.) At Lyford the 
material is distinctly coarser and gives evidence of having been laid down 
by turbulent and rapidly changing streams, as shown in the section. (Tig. 
3.) Imbedded in the gravel are crystalline boulders up to 2 or 3 feet in 
diameter and many rounded masses of boulder clay up to 10 feet in 
diameter. Here also are found numerous fragments of hard limestone, 
Mansfield sandstone, bituminous shale and coal which are absent or rare 
in the vicinity of Terre Haute. 

Surface drainage on the terrace is wanting or very imperfect. Small 
streams which come down through the bluff are unable to make their way 
across the terrace and are lost in the shallow depressions between the 
ridges. Stronger streams, like Otter Creek and Spring Creek, have cut 
deep valleys through the terrace and maintain a perennial flow. 

The Terre Haute terrace is only one among many similar features, but 
in many respects belongs to a class by itself. It alone is moraine-headed, 
holding the relation of a valley train to the Shelbyville moraine. It 
possesses some, but not all, of the characteristics of a typical valley train. 
It thins out from 160 feet in depth at Lyford to nothing at its lower end, 
which gives it a longitudinal slope from 550 feet A. T. to about 450 feet, or 
a fall of 100 feet in 27 miles. It is composed of somewhat coarser material 
at its head than at Terre Haute, and near the moraine its surface is pitted 
with a few small pond basins where detached ice blocks may have melted 
away. Its longitudinal sand bars are evidence that its surface topography 
is due to a broad stream which once entirely covered it, standing above 520 
feet A. T. This greater Wabash was fed not only by the main Wabash 
stream, but also by a tributary half as large from the present Raccoon 
Valley to be described in another paper. These two streams came together 
at the south end of Atherton Island and built up between them a bar 5 
miles long and a mile wide with characteristic mounds and undrained 
saucer shaped hollows. The old Raccoon channel between this bar and the 
east bluff is a depression a mile wide and 30 feet deep, now occupied by a 
nameless tributary of Otter Creek. 
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Summary. In Parke, Vermillion and Vigo counties the Wabash Valley 
is bordered by massive alluvial terraces, which alternate from one side to 
the other, but overlap. They were deposited by a loaded, shifting, braided 
stream, (Fig. 8) changing rapidly in volume and speed, and represent the 
outwash from the waning Wisconsin ice sheet. They are remnants of a 
once more extensive deposit which filled the valley from bluff to bluff to 
the height of the terrace tops. The present flood plain is the valley cut out 


of this deposit by a stream of larger volume, smaller load and possibly 


Figure 8. A Temporary Loaded and Braided Stream in a Gravel Pit. 


greater fall and speed than the glacial Wabash. The outlet of glacial lake 


Maumee would fairly meet these requirements. 


ie 
THE RACCOON VALLEY, PARKE COUNTY, IND. 
Big Raccoon Creek rises in Boone County and flows southwest across 
Montgomery, Putnam and Parke counties to Rosedale, a distance in a 
straight line of about 45 miles. Near Rosedale it turns to a little west of 


north and flows 12 miles to its junction with the Wabash. Its upper course 
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for 20 miles is in the Knobstone, its middle course for an equal distance is 
through the Mansfield sandstone, and its lower course for 17 miles is in the 
shales and sandstones of the coal measures. Its upper course has not been 
studied. The middle course from Raccoon village to near Mansfield is 
interesting but not abnormal. (Fig. 1.) The valley is about a quarter of 
a mile wide, expanding at the mouths of tributaries and bounded by steep 
bluffs 50-80 feet high. ‘The corn-covered bottom lands, enclosed by forested 
bluffs, and the frequent changes in the curve of the stream and in the 


width of the valley combine to give this part a picturesque charm unsur- 


3 


Figure 9. Middle Racoon Valley. 


passed in Indiana. It is unfortunate that no artist has yet found it. 
(Fig. 9.) 

A mile above Mansfield the stream enters an east and west valley 
three-quarters of a mile wide and is joined by Rocky Fork, a large tribu- 
tary from the south. (Fig. 8A.) The locality presents several peculiar 
features. The wide valley extends a mile east from the mouth of Rocky 
Fork and ends in a square cul-de-sac, bounded on three sides by high, 
smooth bluffs. It is traversed by two insignificant wet weather streams 
whose tributaries have built a fan across the end. There is no sign, and 
apparently no possibility, that it ever contained meander curves of the 
Raccoon. Directly in the course of the Raccoon at its entrance to this 
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expansion, stands a hil! or butte 100 feet high, of oval outline with diam- 
eters of one-quarter and three-eights of a mile. (Fig. 10.) It is of sand- 
stone up to SO feet and the eastern half is capped with 20 feet of boulder 
clay. The whole arrangement is very suggestive of the ileo-caecal junction 
of the intestine, in which the butte plays the part of the valve. On the 
west the expanded valley is bounded by a curved ridge, through which the 
Raccoon passes by a gorge 1,000 feet wide between sandstone bluffs 40 feet 
high. (Fig. 11.) At the village of Mansfield the gorge ends and the valley 


expands abruptly to one mile. In its midst, just below Mansfield, stands a 


Figure 10. Upper Mansfield Butte. 


second butte somewhat smaller than the one previously described, GO feet 
high, its lower half of sandstone, its upper of glacial clay full of large 
boulders. (Fig. 12.) 

The mile-wide valley floor continues five miles to Bridgeton, (Fig. 3B), 
where it narrows to less than a quarter of a mile, being pinched by a 
terrace on the south side, half a mile wide and two miles long. In the 
stream bed and base of the terrace up to 35 feet a soft gray micaceous 
sandstone is exposed in thin beds dipping to the south. On the edge of the 


terrace an isolated mound of alluvial sand and gravel rises to 50 feet. 


Figure 12. 


Lower Butte at Mansfield, 60 ft. high. 


Figure 11. Mouth of Mansfield Gorge. 
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The surface of the terrace at the village of Bridgeton stands at 554 feet A. 
T., but slopes gently upward toward the bluff, where it reaches within 
25-30 feet of the top. Below Bridgeton the valley widens to 14 miles and 
is bounded by bluffs 75 feet high, with many blunt salient and re-entrant 
angles. (Fig. 13.) In this part of its course the Raccoon has cut in the 
valley floor a flood plain 5-15 feet below the general level. It is heavily 
joaded and at low water wanders through a wide belt of sand bars and 
islands. (Fig. 14). At Rosedale the valley widens to three miles and, 
continuing to the southwest, opens into the Wabash Valley, as described in 
another paper. But the stream, turning abruptly to the northwest, leaves 
this valley and enters another which narrows at Coxville to less than one- 
quarter of a mile. Vhence it maintains a width of about a half mile to its 
emergence through the Wabash bluff at Armiesburg. The lower Raccoon 
Valley is bounded by bluffs 140-150 feet high. At Mecca a narrow alluvial 
terrace on the west side is 40 feet high and one mile long. A little below 
Mecca a similar terrace begins on the east side and continues to the mouth 
of Leatherwood Creek. The gap in the Wabash bluff through which the 
Raeccoon-Leatherwood stream passes is 14 miles wide and blocked by the 
Montewuma terrace 50 feet high. The cut through the terrace is only 750 
feet wide. (Fig. 3C.) 

The abnormalities of the Raccoon present many interesting problems. 
Obviously, the middle Raccoon Valley once transmitted a stream as large 
as White River directly to the Wabash below Atherton Island. The course 
of its tributaries, Little Racccon, iron Creek and lesser streams are wholly 
abnormal to the present course of the lower Raccoon and accordant only 
with a trunk stream flowing southwest to the Wabash. Where did a river 
of such magnitude come from’? The present upper Raccoon was only a 
modest tributary to it. The cul-de-sac above Mansfield points to a possible 
and I think probable answer. ‘The preglacial Raccoon was a large river 
with a course of hundreds of miles and a basin second in extent to no other 
tributary of the Wabash. What is left of its valley begins two miles above 
Mansfield, where it is filled and obliterated by the Shelbyville moraine 
which lies across it, and by the Wisconsin drift sheet which stretches away 
to Canada. No effort to trace the valley east of the Mansfield cul-de-sac 
has been made. Such an effort would probably be fruitless for lack of 
well borings. 

The ridge across the valley at Mansfield seems at one point to be 
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Figure 13. Raccoon Valley below Bridgeton. 


Fieure 14. Low Water in Raccoon below Bridgeton. 
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wholly composed of drift, and is probably a remnant of the moraine 
which dammed the valley and compelled the stream to cut the gorge 
through sandstone, perhaps by the retreat of a waterfall. 

The Bridgeton terrace is about 380 feet above the present divide 
between the Raccoon and the Wabash at Rosedale and demands some kind 
of a dam of corresponding height at that point. Such a dam would also 
account for the turning of the Raccoon over a col at Coxville into the 
valley of a northward flowing tributary of Leatherwood, and solve the 
problem of the lower Raccoon and its reversed tributaries. Such a dam 
once existed and does not now exist. Very large dams which vanish at a 
convenient time are usually made of ice. I therefore postulate an ice aam 
across the space between Atherton Island and the east bluff of the Wabash. 
The lake held up by such a dam found its lowest outlet to the north near 
Coxville. The dam lasted long enough to permit the aggradation of the 
valley to the height of the Bridgeton terrace and the subsequent cutting 
down of the outlet to its present level or lower. The whole valley is filled 
with sand and gravel to depths which borings alone can reveal. Wells on 
the valley floor are usually very shallow. One is reported near Bridgeton 
to have passed through 150 feet of gravel, which is not improbable. The 
ice dam may have been a part of the Illinoisan ice sheet and the valley 
cutting of the lower Raccoon may have proceeded during the long inter- 
glacial interval. Among all the changes and chances of two glacial periods 
and one interglacial, a part of the Wabash water may have followed that 
valley, making Atherton Island truly insular. The present fall from 
Rosedale to the mouth of Raccoon is 75 feet, which could be easily reversed 
by removal of filling. 

During the climax and retreat of the Wisconsin ice sheet, the valleys 
of the Wabash and its tributaries were aggraded to the present terrace 
levels. For a time the present mouth of the Raccoon was blocked .by ice 
and the stream flowed over the terrace directly to the Wabash. By the 
final withdrawal of the ice margin from the Shelbyville moraine the 
northern outlet was left a little lower than the Rosedale divide, and the 


present conditions came into existence. 


HUDF. 
A NATURAL BRIDGE IN PARKE COUNTY, IND. 
About two miles northeast of Mansfield, Parke County, there is a nat- 
ural bridge of sufficient interest to be noticed. A small tributary of Rac- 
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coon Creek has cut a ravine in the Mansfield sandstone bluff and originally 
fell over a ledge about six feet high. <A joint plain 20 feet back from the 
brink of the fall permitted the stream to descend and work its way under 
the stratum. The result is a natural bridge GO feet long, 20 feet wide, 2 
feet thick in the middle, with a span of 80 feet and a clear height of 6 


feet underneath. (Tig. 15.) 


Figure 15. Natural Bridge, Mansfield, Ind. 


THE DETERMINATION OF HYDROGEN, NITROGEN AND METHANE IN 
GAS BY COMBUSTION IN A QUARTZ TUBE. 


By FRANK C. MATHERS AND IRA E. LEE. 


The purpose of this research was to devise a more convenient and a 
more accurate method for the determination of hydrogen, nitrogen and 
methane in gas. Many different methods' have been advocated for making 
this analysis. The Drehschmidt method? of burning the gas residue mixed 
with oxygen, by passing it through a hot platinum capillary tube is perhaps 
the best scheme. However, the high cost of the platinum capillary tube 
together with the rapid deterioration of the apparatus makes a modifica- 
tion desirable. The experiments described in this paper show that a quartz 
tube filled with pieces of scrap platinum is an entirely satisfactory substi- 
tute for the platinum capillary tube in the Drehschmidt apparatus. 

The quartz tube was 30.5 em. long, 7.25 mm. outside and 5.58 mm. 
inside diameter. Its volume, determined by the weight of mercury required 
to fill it, was 3.317 cc. The platinum scrap which was used as a contact 
substance in the quartz tube was prepared by cutting pieces of ordi- 
nary scrap platinum wire, which every laboratory has in quantity, into 
as short pieces as possible with a shears. These small fragments were 
then placed upon stiff paper which was passed through a cornet roll mill 
a number of times. These flattened pieces of platinum presented a large 
surface to the passing gas and at the same time offered very little resist- 
ance to the passage of the gas. Two pieces of scrap platinum gauze were 
used, one in each end of the quartz tube, to keep the small pieces of plati- 
num in position. The platinum weighed 11.189 grams and had a volume 
of 0.522 ce. The platinum occupied 21.6 cn. of the length of the tube. 

The data concerning the many preliminary experiments which merely 
served to detect the errors, will be omitted. The following form of appa- 
ratus and manipulation were found to be satisfactory. 

A mercury pipet holding the gas to be burned and the oxygen required 
for the combustion, was connected to one end of the quartz tube by a 


1“Review of progress in gas analysis,’ Chemiker Zeitung, 32:801 and 817 (1908). 
2 Hempel-Dennis, ‘“‘“Gas Analysis,’ p. 140. 
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suitable capillary tube with rubber connections. A mercury buret, arranged 
to receive the gas, was connected to the other end of the quartz tube in a 
similar manner. Pinch cocks, one on the buret and one on the pipet, con- 
trolled the connections with the quartz tube. The buret was provided with 
a water jacket which was connected at its lower end with a level bottle so 
arranged that the water could be drawn out and then passed back into the 
water jacket. This circulation and thorough mixing of the water were 
necessary to prevent unequal temperatures between the top and bottom of 
the buret. The water jacket was improvised from the outside of a Liebig 
condenser. A thermometer, which showed the temperature of the water 
and gas, was suspended about midway of the buret inside of the water 
jacket. The quartz tube was heated by a bunsen burner provided with a 
wing tip which produced a broad flame. An asbestos board was suspended 
about 5 mm. above the quartz tube, to lessen the radiation of heat. The 
manipulation was: The temperature of the gas in the pipet, that is the 
temperature at which it was measured, was carefully read. The pinech- 
cock connecting the buret to the quartz tube was opened and the burner 
was lighted for three minutes. The increase in volume of the air in the 
quartz tube produced by the heat, was cared for in the buret. The pinch- 
cock connecting the pipet to the quartz tube was opened and the level bottle 
was raised so that the gas and oxygen passed slowly and regularly over the 
glowing platinum, generally about three minutes being required. In no 
case was there any indication of an explosion in the pipet even when the 
velocity of the gas was greatly increased. The level tube on the buret was 
raised and the level bottle on the pipet was lowered so that the gas was 
forced back from the buret into the pipet. The gas was then again passed 
through the quartz tube over the glowing platinum into the buret. The 
flame and the asbestos board were removed and water was poured upon the 
quartz tube to cool it. After the quartz tube had reached room tempera- 
ture, the pinchcock connecting the buret and quartz tube was closed. The 
mercury in the buret and level tube was leveled. The water in the water 
jacket was passed back and forth by means of the level bottle until the 
thermometer in the water jacket showed constant temperature. The mer- 
cury in the buret and level tube was again carefully leveled and the volume 
of gas was read. The final gas volume was always corrected for variation 
from the initial temperature. 

The process as described above was tried with pure hydrogen gas. 


which was prepared by the action of boiled dilute sulphuric acid upon 
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pieces of zinc contained in a gas double pipet for solids. The pipet was 
filled with boiled distilled water to displace the air. The sulphuric acid 
was added through a glass tube which entered through the opening for the 
introduction of solids into the pipet. The hydrogen gas was allowed to 
escape completely from the apparatus several times before any was saved 
for analysis. This form of generator very effectively protected the hydro- 
gen gas from the diffusion of air. The results are given in the following 
table: 


Hydrogen Air Volume after Time of ToTaL CONTRACTION 
Used. Added. Combustion. Experiment. Experimental Theory 
26.02 90.6 ino 2.5 minutes 39.03 39.03 
21.06 (7.9 66.75 Zac 351.6 Ball oN, 
20.4 M29 GT .7 Be) 30.6 30.6 


The following table shows the results which were obtained in the 


analysis of gas residues: 


Residue Oxygen Volume after _. Toval Caibon sae Peps, ; : 
ces ce. Combustion. Time Contraction. Dioxide. Hydrogen Nitrogen Methane 
51.9 80.4 50.2 82.1 18.8 29.7 3. 18.8 
ters icles 42.4 a 81.4 IL T( 15) 29.4 4.25 18.65 
D226 67.18 3B8. Ds Si.3 Wl fhe PAM 3.9 TSe9 


The result in experiment 1 was obtained with the ordinary combustion 
pipet. This value was taken as the standard. Experiment 2 in the table 
shows 17.5 per cent. of carbon dioxide, which was of course obtained by the 
absorption of the carbon dioxide which was in the buret. This value must 
be corrected for the amount of carbon dioxide which remained in the 
quartz tube. The total gas residue after combustion (including the air 
originally in the quartz tube) was 42.4 plus 2.795 (the volume of the quartz 
tube which was unoccupied by platinum) which was 45.195. So 93.8, 
(42. 
buret. 


45.195), was the per cent, of the gas which was measured in the 


All of the results given in the tables show that the quartz tube is as 
accurate as the combustion pipet. It was found necessary to pass air 
through the quartz tube to remove the carbon dioxide produced by one 
experiment if another experiment was to be made at once. If only total 
contraction was desired the carbon dioxide did not need to be removed. If 
nitrogen was to be determined the gas remaining in the tube from a previ- 
ous experiment had to be removed by passing air. 

This apparatus gave an excellent method of determining the total 


nitrogen in gas. The gas was mixed with an excess of oxygen whose nitro- 
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gen contents was accurately determined. After combustion in the quartz 
tube, the gas was passed into potassium hydroxide and alkaline pyrogallol 
pipets. The unabsorbed residue consisted of the nitrogen in the gas and 
the nitrogen which was in the oxygen. The results are as follows: 


Nitrozen added Total Nitrogen in Nitrogen 
Gas Oxygea. in Oxygen Nitrogen Gas Taken per cent. 
49.9 76.4 7.10 8.68 IL ats Sealy 
50.0 74.05 6.95 8.62 iL Gry 3.34 
49.93 78.04 7.19 8.78 1.58 Boe) 


Other tests showed that under the conditions of the experiment less 
than 67.7 cc. of the oxygen (68.4 cc. of pure oxygen) did not give com- 
plete combustion with 50 cc. of the gas. This was 12 ec. of pure oxygen 
in excess, 


SUMMARY. 

Gas residues after the addition of oxygen gas were burned by passing 
them through a heated quartz tube which contained pieces of scrap plati- 
num. The results are very accurate. 

The advantages of this apparatus over the standard combustion 
pipet are: 

1. The quartz tube and pieces of platinum are not easily broken or 
damaged during use. The quartz tube, however, is brittle and will break 
if struck a blow. The combustion pipet is very easily broken and the small 
platinum wire often burns out even when great care is exercised by the 
operator. 

2. No metal or other substance which can be oxidized or acted upon 
by any of the gases is present in the quartz tube during the burning. In 
the combustion pipet, mercury, an oxidizable metal, is always present. In 
some of the experiments during this research, the conditions were such that 
very serious errors were made by the absorption of gases by the mercury. 
Everyone is familiar with the formation of oxides upon the mercury and 
upon the sides of the combustion pipet. 

3. Small cracks in the glass tubes, or leaks around the rubber stopper 
or places where glass tubes enter, in the combustion pipets cause serious 
errors. There is very little chance for leaks in the quartz tube apparatus. 

4. Platinum scrap such as short lengths of wire which is generally 
plentiful in laboratories, is used in this apparatus. The quartz tubes 
are cheap. 

The disadvantages of this new process are: 
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1. The gas becomes heated during the combustion, so care must be 
taken to determine the final temperature at which the gas is measured. 
Corrections must be made for all temperature changes. 

2. <A correction must be made for the carbon dioxide which remains 
in the quartz tube after the combustion. This disadvantage can be over- 
come perhaps by the use of a smaller bore capillary quartz tube in which 
the volume is so small that a correction is unnecessary. 


Indiana University, Bloomington. 


New METHODS FOR THE PREPARATION OF SALTS OF SELENIC ACID. 
By FRANK C. MATHERS AND J. OTTO FRANK. 

The purpose of this paper is to describe the preparation of metalli- 
selenates from ammonium selenate. Ammonium selenate is the best start- 
ing material on account of the very satisfactory method! by which it may 
be prepared. An outline of the method for preparing ammonium selenate is 
as follows: Selenic acid was first prepared by oxidizing a solution of selen- 
ium in nitric acid with potassium permanganate. This solution after the 
removal of the manganese dioxide precipitate by filtration was precipitated 
with lead nitrate. The lead selenate thus formed was washed thoroughly 
until free from soluble salts. The treatment of this solid lead selenate 
with an excess of a strong solution of ammonium carbonate produced lead 
carbonate and ammonium selenate in solution. Pure ammonium selenate 
crystallized from the filtrate upon evaporation while the excess of am- 
monium carbonate was volatilized. 

There are three methods by which this ammonium selenate may be 
changed into metallic selenates. They are as follows: 

1. The crystallization of a solution of ammonium selenate with a 
metallic nitrate will give crystals of the most insoluble salt which can be 
formed by any combination of the four ions in solution. The most soluble 
combination of the ions will remain in the mother liquor. The solubility 
of the possible combinations of the four ions is in this order beginning with 
the most soluble, ammonium nitrate, metallic nitrate, ammonium selenate, 
and ammonium metallic selenate or metallic selenate. Whether the metal- 
ic selenate or the double ammonium salt is formed depends upon their 
relative solubility except that by increasing the amount of ammonium 
selenate the double salt may be produced in cases where the metallic salt 
is ordinarily formed. For example, equivalent amounts of ammonium 
selenate and copper nitrate give copper selenate while two equivalents of 
the ammonium selenate to one of copper nitrate gives the ammonium cop- 
per selenate. 


1 Mathers and Bonsib, Jour. Amer. Chem. Soc.. 33,703 (1911) ; Indiana Univer- 
sity Studies, 841 (1910). 


The following table shows the quantities of materials used, the salts 
formed and the yields: 


| Molecules 
Weight of Formula of of ammo- Grams 
ammonium nitrate nium sele-| Formula of Salt formed.} of salt | Theoreti- 
sclenate and nate to one formed.| cal yield. 
used. grams used. of the ni- 
trate. 
See ent. ists Cu (NOs) :3H:0.58 ston| CiSeOr bs Oneneeeeeeee ia4ono 50. 
CDS ce Se eae . NiONOs)63:H;:0.32. Pfs NH,):Ni(SeO,.):6H:0. miata 48.5 54. 
CD Se eens coe OOr, : Co(N0Os)6:H:0.32. 25 NH,):Co(SeO,) ):6H3O0...-|| 52.1 54. 
AONE es tee eso. Mn(NOs):6H30. 32. Doel NH,)sMn(SeO,):6H30....) 52.1 54. 
I oe conta das ooo aA ol VAN ENON Eis ORR Be eal NH,):Zn(SeO.):6H:O....| 27.1 27.6 
2 ee eee al AlN @3)s9 lis. 42 eal 


NH,A1(SeOu)212H30... 4 115. 122. 


The following table shows the volume of the solution used in the prepara- 
tion of each selenate, the amount of selenate present, and the amount which 
crystallized upon standing over night. This table gives an idea of the relative 
s lubility of these selenates and shows the volumes of solution to use in prepar- 


ing them: 
TABLE IV. 


Formula of salt Weight of Salt Volume of Weight of Salt 

crystalized. Present. solution. Crystalized. 
CuSeO, 5H:0. S eltera even s'| 49:60 SEAMB. oven LOU Oi Geentesatenns 18 grams. 
Ni, NH4:, (SeO.):6H0.. pure cien | 48152 @rAmSec.oee. Poop On Cone ners 4.93 grams. 
Co, NH 4s, (SeO.)26H10. . zs sles «|| 02100 STAB. 4, -4..|PUS Cee nema 4.42 grams. 
Mn, NH4;, (SeO.):6H30.... Ei ais le hts 6 ED we a ER ERIIB: cree tet | CeCe eect er 9.80 grams. 
TERING (SEO a) nO ELsO) c= oicee dicts tures «|e, LO; STAIMBys. 2). neil) WRONG sacle nieeres 8.13 grams. 
Als;sNH4:(SeO.)224H10....0 0.002... PLSLO0 eramsie: oop LOO KCN Grace er | 13.52 grams. 


The following table gives the results of analyses which were made to de- 
termine the formulas of the salts: 


Formula. Per cent Found Per cent. From Theory. 
NH: | Metal. NH, | Metal. 
@uSeOm)5HsO le... : re : Aoes| \ae ciomtreaeree | LON emtoric hog teen 21.4 
NH,)sNi(SeO,) 26H30... .... aan are 6.7 | 11.9 6.9 12; 
NH,):Co(SeO,.):6H:0......... Aas am 6.8 12:3 6.7 12. 
NH4,)sMn(SeO,):6H:0...... 6.9 11.3 7.0 11.3 
NH,)2Zn(SeO,.):6H30........ | 6.6 13:32 7 (al 13.6 
NH,Al(SeO.)112H:0 ...... | 31 4.9 3.1 4.9 


2. Ammonium selenate can be decomposed by basic metallic oxides 
with the formation of the metallic selenate and volatilization of the free 
ammonia. For example: 

ZnO+NH, ).SeO, = ZnSeO, + 2NH, + H.O 
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Zine oxide was selected because of its pronounced basic properties. 
Ammonium selenate, dissolved in water, was treated with an excess of zinc 
oxide. The evolution of ammonia was slow at room temperature but was 
more rapid at the boiling point. Zine selenate and not the double salt was 
obtained by crystallization of the solution. The yield was only about 25 
per cent. of the theory. Analysis of the ZnSeO,.7H,O showed 18.8 per 
cent. zinc while the theory is 19.4. 

3. This method makes use of copper selenate prepared as described 
above. Any metal more electropositive than copper will precipitate copper 
from a copper selenate solution and form a selenate of the metal that was 
used. This is the best method of making the metallic selenates since a 
pure solution of the metallic selenate can be obtained. The previous prep- 
aration of the copper selenate from the ammonium selenate is exceptionally 
easy. Selenates of cadmium and zine were prepared by treating solutions 
of 15 grams copper selenate dissolved in 50 cc. of water with an excess of 
metallic cadmium and metallic zine respectively. The yield of cadmium 
selenate was 14.1 grams and of zinc selenate 16.7 grams while the theory 
was 14.7 and 16.3 respectively. 


SUM MARY. 


Ammonium selenate, on account of the very satisfactory method for 
its preparation, is the most suitable starting material for the making of 
metallic selenates. The three methods that were tried for preparing 
metallic selenates from ammonium selenate are: 

1. Crystallization of a solution containing ammonium selenate and a 
metallic nitrate will produce crystals of the double ammonium selenate (or 
the metallic selenate in some cases) since this salt is the most insoluble 
which can be produced by any possible combination of the four ions. The 
yields are good. 

2. Ammonium selenate can be decomposed by basic metallic oxides 
with the formation of the metallic selenate and of free ammonia. This is 
not a satisfactory method and the yields are low. 

3. The treatment of copper selenate solution with any metal which is 
more electropositive than copper will precipitate metallic copper and form 
the corresponding metallic selenate. This is a very satisfactory method 
and the yields are practically quantitative. 
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A New METHOD FOR THE QUALITATIVE DETECTION OF CHLORIDES IN 
THE PRESENCE OF BROMIDES AND [oODIDEs. 


Most of the schemes for the separation of chlorides from bromides and 
iodides depend upon one of two genera! methcds. 

1. Most of the qualitative manuals direct the treatment of the solu- 
tion of the halogens with an oxidizing agent of such a strength that iodine 
and bromine but not chlorine are set free. The liberated bromine and 
iodine may be removed from the solution by boiling, or by a current of air 
or by shaking out with some solvent such as carbon bisulphide. Experi- 
ments conducted by advanced students in this laboratory with this general! 
method have been fairly successful, except that some chlorine is always 
set free if the reaction is carried far enough to remove all of the bromine. 
This method was found to be a failure in the hands of inexperienced stud- 
ents in qualitative analysis, perhaps on account of the necessity of excep- 
tionally close adherence to directions. 

2. The other general scheme for the separation depends upon the fact 
that silver chloride is soluble and silver iodide and bromide are insoluble in 
ammonium carbonate solution. After filtration from the undissolved silver 
bromide and iodide, the silver chloride is reprecipitated by neutralizing 
the ammonium carbonate with nitric acid. However, silver bromide, is 
soluble enough to produce a strong turbidity upon addition of the nitric 
acid. This is very confusing to the students. !n addition to this trouble, 
the method is so very delicate that traces of chlorides which are present 
in most chemical reagents as impurities, will give a distinct turbidity so 
that the student is forced to decide from the quantity of precipitate wheth- 
er chlorides have been added or not. 

In the scheme described in this paper, the residue of silver chloride, 
bromide and iodide is treated with dilute ammonium hydroxide or cor- 
bonate, and the filtrate is treated with ammonium chloride, which will 
produce a turbidity or precipitate if silver chloride is present. This precip- 
itation is caused by the action of the ion Cl from the ammonium chloride 


upon the common ion Cl from the silver chloride. The ammonium chloride 


causes the amount of chlorine as ion in the solution to exceed the satura- 
tion concentration of the chlorine ion in equilibrium with silver, so some 
of the silver chloride must precipitate. Silver bromide is not affected 
because there is no common ion in this case. 

In the following table, the ammonium hydroxide (1 : 100) solution 
was saturated by warming with an excess of freshly precipitated silver 
chloride. The ammonium chloride solution contained 25 grams per 100 ce. 


Ce.of Ammonium Ce. of Ammomium AMMONIUM CHLORIDE 25° REQUIRED TO 
Hydroxide-Silver Hydroxide Produce a Give Maximum Redissolve 
Chloride Used. (1:100) Added. Precipitate. Frecipitation. Precipitate. 
10 0 1 drop 5 drops 12 ee. 
10 10 1 drop 5 drops 207° ce 
10 U7 1 drop 10 drops 
10 19 5 drops 
10 20 il ee. 


This table shows that the ammonium hydroxide silver chloride solu- 
tion should be nearly saturated with the silver chloride, since large amounts 
of the ammonium hydroxide make precipitation impossible or very difficult. 

In the following table, the ammonium hydroxide silyer chloride solu- 
tion was made by dissolving the silver chloride from 10 ce. of 0.8 N KCl 
in 100 ee. of 10 per cent. ammonium hydroxide. This solution was then 
diluted to 1000 with water. Each ce. of this solution contained 0.28 mg. 
of chloride. 


Ce. of Ammonium Cc. of Ammonium AMMONIUM CHLORIDE (25%) SOLUTION REQUIRED TO 

Hydroxide Silver Hydroxide Produce a Give Maximum 

Chloride Used. (1:100) Added. Precipitate Precipitation 
10 0 1 drop (good) 5 drops 
10 10 1 drop (slight) 10 drops 
10 20 2 drops (slight) 20) drops 
10 30 several drops never good 
10 40 40 drops neyer good 


One ce. of the ammonium hydroxide silver chloride solution contain- 
ing 0.28 mg. chlorine gave a good precipitate when treated with the am- 
monium chloride solution. Dilution of the ammonium hydroxide silver 
chloride solution with water did not prevent the formation of the precipi- 
tate. However, the addition of ammonium hydroxide solution made the 
precipitation more difficult. 0.8 mg. of chlorine as silver chloride per 10 
ce. of ammonium hydroxide (1:100) does not give a precipitate when am- 
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monium chloride is added. This means that traces of chlorides which occur 
as impurities in so many reagents will not cause trouble by giving tests 
by this method. Smaller quantities of chlorine may be detected by using 
more dilute ammonium hydroxide in dissolving the silver chloride. 

Corresponding solutions prepared with silver bromide in place of silver 
chloride gave no precipitates with ammonium -chloride. In every case 
they produced a turbidity when acidified with nitrie acid. 

SUMMARY. 

This paper describes a new method for the qualitative separation and 
detection of chlorides in the presence of bromides and iodides. 

The mixed silver halids are digested with ammonium hydroxide (10 
per cent.). The filtrate is diluted with 10 volumes of water and treated 
with a few drops of ammonium chloride solution. If silver chloride is 
present a precipitate is produced. 

This method has the advantages over other methods that: 

1. Bromides do not give any precipitate. 

2. The concentration of the ammonium hydroxide solution is great 
enough that traces of chlorides occurring as impurities will not give tests. 
The method becomes more delicate when more dilute solutions of ammo- 
nium hydroxide are used. 


Indiana University, Bloomington. 
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CONSTITUTION. 


ARTICLE I. 


Section 1. This association sliall be called the Indiana Academy of 
Science. 

Sec. 2. The objects of this Academy shall be scientific research and 
the diffusion of knowledge concerning the various departments of science; 
to promote intercourse between men engaged in scientific work, especially 
in Indiana; to assist by investigation and discussion in developing and 
making known the material, educational and other resources and riches 
of the State: to arrange and prepare fer publication such reports of investi- 
gation and discussions as may further the aims and objects of the Academy 
as set forth in these articles. 

WHEREAS, The State has undertaken the publication of such proceed- 
ings, the Academy will, upon request of the Governor, or of one of the 
several departments of the State, through the Governor, act through its 
council as an advisory body in the direction and execution of any investiga- 
tion within its province as stated. The necessary expenses incurred in the 
prosecution of such investigation are to be borne by the State; no pecuniary 
gain is to come to the Academy for its advice or direction of such investi- 
gation. 

The regular proceedings of the Academy as published by the State shall 
become a public document. 


ARTICLE II. 

Secrion 1. Members of this Academy shall be honorary fellows, 
fellows, non-resident members or active members. 

Sec. 2. Any person engaged in any department of scientific work, or in 
original research in any department of science, shall be eligible to active 
membership. Active members may be annual or life members. Annual 
members may be elected at any meeting of the Academy; they shall sign 
the constitution, pay an admission fee of two dollars and thereafter an 
annual fee of one dollar. Any person who shall at one time contribute 
fifty dollars to the funds of this Academy may be elected a life member of 
the Academy, free of assessment. Non-resident members may be elected 
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from those who have been active members but who have removed from the 
State. In any case, a three-fourths vote of the members present shall elect 
to membership. Application for membership in any of the foregoing 
classes shall be referred to a committee on application for membership, 
who shall consider such application and report to the Academy before the 
election. 

Sec. 3. The members who are actively engaged in scientific work, who 
have recognized standing as scientific men, and who have been members of 
the Academy at least one year, May be recommended for nomination for 
election as fellows by three fellows or members personally acquainted with 
their work and character. Of members so nominated a number not exceed- 
ing five in one year may, on recommendation of the Executive Committee, 
be elected as fellows. At the meeting at which this is adopted, the mem- 
bers of the Executive Committee for 1894 and fifteen others shall be elected 
fellows, and those now honorary members shall become honorary fellows. 
Honorary fellows inay be elected on account of special prominence in 
science, on the written recommendation of two members of the Academy. 
In any case a three-fourths vote of the members present shall elect. 


ARTICLE III. 


Section 1. The officers of this Academy shall be chosen by ballot at 
the annual meeting, and shall hold office one year. They shall consist of a 
President, Vice-President, Secretary, Assistant Secretary, Press Secretary 
and Treasurer, who shall perform the duties usually pertaining to their 
respective offices and in addition, with the ex-presidents of the Academy, 
shall constitute an Executive Committee. The President shall, at each 
annual meeting. appoint two members to be a committee, which shall 
prepare the programs and have charge of the arrangements for all meetings 
for one year. 

Sec. 2. The annual meeting of this Academy shall be held in the city 
of Indianapolis within the week following Christmas of each year, unless 
otherwise ordered by the Executive Committee. There shall also be a 
summer ineeting at such time and place as may be decided upon by the 
Executive Committee. Other meetings may be called at the discretion of 
the Executive Committee. The past Presidents, together with the officers 
and Executive Committee, shall constitute the council of the Academy, and 
represent it in the transaction of any necessary business not especially 
provided for in this constitution, in the interim between general meetings. 
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Sec. 3. This constitution may be altered or amended at any annual 
meeting by a three-fourths majority of the attending members of at least 
one year’s standing. No question of amendment shall be decided on the 
day of its presentation. 


BY-LAWS. 


1. On motion, any special! department of science shall be assigned to 
a curator, whose duty it shall be, with the assistance of the other members 
interested in the same department, to endeavor to advance knowledge in 
that particular department. Fach curator shall report at such time and 
place as the Academy shall direct. These reports shall include a brief 
summary of the progress of the department during the year preceding the 
presentation of the report. 

2. The President shall deliver a public address on the morning of one 
of the days of the meeting at the expiration of his term of office. 

3. The Press Secretary shall attend to the securing of proper news- 
paper reports of the meetings and assist the Secretary. 

4. No special meeting of the Academy shall be held without a notice 
of the same having been sent to the address of each member at least fifteen 
days before such meeting. 

5. No bill against the Academy shall be paid without an order signed 
by the President and countersigned by the Secretary. 

6. Members who shall allow their dues to remain unpaid for two 
years, having been annually notified of their arrearage by the Treasurer, 
shall have their names stricken from the roll. 

7. en members shall constitute a quorum for the transaction of 
business. 


AN ACT TO PROVIDE FOR THE PUBLICATION OF THE REPORTS 
AND PAPERS OF THE INDIANA ACADEMY OF SCIENCE. 


[Approved March 11, 1895.] 
WHEREAS, The Indiana Academy of Science, a chartered scientific 


association, has embodied in its constitution a provision that it will, upon 
the request of the Governor, or of the several departments of the State 
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government, through the Governor, and through its council as an advisory 
board, assist in the direction and execution of any investigation within its 
province, without pecuniary gain to the Academy, provided only that the 
necessary expenses of such investigation are borne by the State; and, 

WorereAS, The reports of the meetings of said Academy, with the 
several papers read before it, have very great educational, industrial and 
economic value, and should be preserved in permanent form; and 

Wuoreas, The Constitution of the State makes it the duty of the 
General Assembly to encourage by all suitable means intellectual, scientific 
and agricultural improvement; therefore, 

Section 1. Be it enacted by the General Assembly of the State of 
Indiana, That bereatter the annual reports of the meetings of the Indiana 
Academy of Science, beginning with the report for the year 1894, including 
all papers of scientific or economic value, presented at such meetings, after 
they shall have been edited and prepared for publication as hereinafter 
provided, shall be published by and under the direction of the Commission- 
ers of Public Printing and Binding. 

Sec. 2. Said reports shall be edited and prepared for publication 
without expense to the Stute, by a corps of editors to be selected and 
appointed by the Indiana Academy of Science, who shall not, by reason of 
such service, have any claim against the State for compensation. The form, 
style of binding, paper, typography and manner and extent of illustration of 
such reports shall be determined by the editors, subject to the approval of 
the Commissioners of Public Printing and Stationery. Not less than 1,500 
nor more than 3,000 copies of each of said reports shall be published, the 
size of the edition within said limits to be determined by the concurrent 
action of the editors and the Commissioners of Public Printing and Station- 
ery: Provided, That not to exceed six hundred dollars (S600) shall be 
expended for such publication in any one year, and not to extend beyond 
1896: Provided, That no sums shall be deemed to be appropriated for the 
year 1894. 

Sec. 3. All except three hundred copies of each volume of said reports 
shall be placed in the custody of the State Librarian, who shall furnish one 
copy thereof to each public library in the State, one copy to each university, 
college or normal school in the State, one copy to each high school in the 
State having a library, which shall make application therefor, and one copy 


to such other institutions, societies or persons as may be designated by the 
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Academy through its editors or its council. The remaining three hundred 
copies shall be turned over to the Academy to be disposed of as it may 
determine. In order to provide for the preservation of the same it shall be 
the duty of the Custodian of the State House to provide and place at the 
disposal of the Academy one of the unoccupied rooms of the State House, 
to be designated as the oflice of the Academy of Science, wherein said copies 
of said reports belonging to the Academy, together with the original 
manuscripts, drawings, etc.. thereof can be safely kept, and he shall also 
equip the same with the necessary shelving and furniture. 

Suc. 4. An emergency is hereby declared to exist for the immediate 
taking effect of this act, and it shall therefore take effect and be in force 


from and after its passage. 


APPROPRIATION FOR 1913-1914. 

The appropriation for the publication of the proceedings of the Acad- 
emy during the years 1913 and 1914 was increased by the Legislature in the 
General Appropriation bill, approved March 9, 1909. That portion of the 
law fixing the amount of the appropriation for the Academy is herewith 
given in full: 

For the Academy of Science: Kor the printing of the proceedings of 
the Indiana Academy of Science twelve hundred dollars: Provided, That 
any unexpended balance in 1918 shall be available in 1914, and that any 


unexpended balance in 11+ shall be available in 1915. 


AN ACT FOR THE PROTECTION OF BIRDS, THEIR NESTS 
AND EGGS. 

Suc. 602. Whoever kills, traps or has in his possession any wild bird, 
or whoever sells or offers the same for sale, or whoever destroys the nest 
or eggs of any wild bird, shall be deemed guilty of a misdemeanor and 
upon conviction thereof shall be fined not less than ten dollars nor more 
than twenty-five dollars: Provided, That the provisions of this section shall 
not apply to the following named game birds: The Anatidir, commonly 
called swans, geese, brant. river and sea duck; the Rallidz, commonly 
called rails, coots, mud-hens, gallinules; the Limicolse, commonly called 
shore birds, surf birds, plover, snipe, woodcock, sandpipers, tattlers and 
curlew; the Gallinee, commonly called wild turkeys, grouse, prairie chick- 


ens, quails and pheasants; nor to English or Huropean house sparrows, 
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crows, hawks or other birds of prey. Nor shall this section apply to 
persons taking birds. their nests or eggs, for scientific purposes, under 
permit, as provided in the next section. 

Sec. 603. Permits tiay be granted by the Commissioner of Fisheries 
and Game to any properly accredited person, permitting the ho!der thereof 
to collect birds, their nests or eggs for strictly scientific purposes. In 
order to obtain such permit the applicant for the same must present to 
such Commissioner written testimonials from two well-known scientific men 
certifying to the good character and fitness of such applicant to be entrusted 
with such privilege, and pay to such Commissioner one dollar therefor and 
file with him a properly executed bond in the sum of two hundred dollars, 
payable to the State of Indiana, conditioned that he will obey the terms of 
such permit, and signed by at least two responsible citizens of the State as 
sureties. The bond may be forfeited, and the permit revoked upon proof to 
the satisfaction of such Commissioner that the holder of such permit has 
killed any bird or taken the nest or eggs of any bird for any other purpose 


than that named in this section. 


PUBLIC OFFENSES--HUNTING WIUD BIRDS—PrENALTY. 


{Approved March 13, 1913.] 

Srcrion 1. Be it enacted by the General Assembly of the State of 
Indiana, That section six (6) of the above entitled act be amended to read 
as follows: Section 6. That section six hundred two (602) of the above 
entitled act be amended to read as follows: Section 602. It shall be 
unlawful for any person to kill, trap or possess any wild bird, or to 
purchase or offer the same for sale, or to destroy the nest or eggs of any 
wild bird, except as otherwise provided in this section. But this section 
Shall not apply to the following named game birds: The Anatidee, com- 
monly called swans, geese, brant, river and sea duck; the Rallidse, com- 
monly known as rails, coots, mud-hens and gallinules; the Limicol, 
commonly known as shore birds, plovers. surf birds, snipe, woodcock, 
sandpipers, tattlers and curlews; the Gallinse, commonly called wild 
turkeys, grouse, prairie chickens, quails, and pheasants; nor to English or 
European house sparrows, blackbirds, crows, hawks or other birds of prey. 
Nor shall this section apply to any person taking birds or their nests or 
eggs for scientific purposes under permit as provided in the next section. 
Any verson violating the provisions of this section shall, on conviction, be 
fined not less than ten dollars ($10.00) nor more than fifty dollars ($50.00). 
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The omission of an address indicates that mail addressed to the last printed address was returned as 
uncalled for. Information as to the present address of members so indicated is requested by the 
secretary. The custom of dividing the list of members has been followed. 

t Date of election. 

tt Non-resident. 


BISNEV AN GE WiardpNLOOKES MEMS MI Gig ayers sy sler'srsirs, oisisiin ee sole 0 eis oe efelern © 1897 
Vice-President and Professor of Biology and Geology, Moores Hill 
College. 


Biology and Geology. 


itn Catharine Golden, Washington, IDs ©2. 5c. .5c4: cn. ns. ce 1895 
Microscopic Expert, Pure Food, National Canners Laboratory. 
Botany. 

Blatchley, W. S., 1558 Park Ave., Indianapolis, Ind................. 1893 
Naturalist. 


Botany, Entomology and Geology. 

Bodine, Donaldson, Four Mills Place, Crawfordsville, Ind........... 1899 
Professor of Geology and Zoology, Wabash College. 
Entomology and Geology. 

Breeze, Fred J., care American Book Company, New York, N. Y...... 1910 
With the American Book Company. 
Geography. 

Bruner, Harry Lane, 324 S. Ritter Ave., Indianapolis, Ind........... 1899 
Professor of Biology, Butler College. 
Comparative Anatomy, Zoology. 

Burrage, Severance, care Hi Lilly Co., Indianapolis, Ind............. 1898 
Charge of Biological Laboratory, Eli Lilly Co. 
Bacteriology, Sanitary Science. 

Butler, Amos W., 52 Downey, Ave., Irvington, Ind..................- 1893 
Secretary, Indiana Board of State Charities. 
Vertebrate Zoology, Anthropology, Sociology. 

Cogshall, Wilbur A., 428 S. Fess Ave., Bloomington, Ind.............. 1906 
Associate Professor of Astronomy, Indiana University. 
Astronomy and Physics. 

(Chaya IM, INGEN ADIN. ING Jococcescubconds Joao cob aduMoooce ee 1902 
Professor of Plant Pathology, Rutgers College. 
Botany, Plant Pathology, Entomology. 


Coulter, John M., care University of Chicago, Chicago, Ill........... 1893 
Head Department of Botany, Chicago University. 
Botany. 

Coulter; Stanley, 213 S. Ninth St, Lafayette, Ind..........27..7..... 1893 


Dean School of Science, Purdue University. 
Botany, Forestry. 
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(Crore, WINKRES (Oks 125 OL 1b¥ore cul, Ubereyeardeieniines While s Gagcoceacodooes cocks 1908 
Head Department Zoology and Botany, Indiana State Normal. 
Botany. Zoology. 


CulberisonseGienn sLlanover, mdse. oscoe «sce e ceecenn sae eee 1899 
Chair Geology, Physics and Astronomy, Hanover College. 
Geology. 

Cumings, Edgar Roscoe, 327 E. Second St., Bloomington, Ind......... 1906 


Professor of Geology, Indiana University. 
Geology, Paleontology. 

Wavissone sciuiyler Colfax, Bloomineton, Ind. -.2e. 4+ eons ae eee 1908 
Professor of Mathematics, Indiana University. 


Mathematics. 

DWeame Charles C2 Blutitons UNG icra: . 4 cha visieccnoeceates see ain ete ste 1910 
Druggist. 
Botany. 

DENIS IDAVIGN WViOrehy WAI ChHMOnG.. Ln Gnt.-5 eck heise -omere een 1895 


Professor of Biology, Harlham College. 
Biology. 

Dryer, Charles R., 35 Gilbert Ave., Terre Haute, Ind..)..:-..... 5.50 1897 
Professor of Geography and Geology. Indiana State Normal. 
Geography, Geology. 

Higenmann, Carl H., 630 Atwater St., Bloomington, Ind.............. 1892 
Professor Zoology, Dean of Graduate School, Indiana University. 
Embryology, Degeneration, Heredity, Evolution and Distribution of 

American Fish. 

Enders, Howard Edwin, 105 Quincy St., Lafayette, Ind.............. 1912 
Associate Professor of Zoology, Purdue University. 

Zoology. 


Hyals mercy *NOrton,. Watayette; Inds. sca: .::-atere sietetennaen creiere emaatere eres 1903 
Director of Chemical Laboratory, Purdue University. 
Chemistry. 

HOLCYerATODIT ay Ss lOOMINetOn, Inds >. ..4.c cemeteries ee ome 1897 
Head Department of Physics, Indiana University. 
Physics. 

ColdengaMicn de lara yebters LING)... x. a %avevclc hevevone ssi stearic reverie ae ae area 1899 


Director of Laboratories of Practical Mechanics. Purdue Uni- 
versity. 
Mechanics. 


Mic OSS Villian bresmane ME Wrbameare lillie e ote ecm octets s ccce sees. ee 1893 
Dean of College of Engineering, University of I[llincis. 

Haecerty. Meh. Bloomington, Undies se. c.66- acess eee cess cise eee ms 1913 

Hathaway, Arthur S., 2206 N. ‘Tenth St, Terre Haute, Ind........... 1895 


Professor of Mathematics, Rose Polytechnic Institute. 
Mathematics, Plysics. 


Hessler opel. WOSANSPOlbae LNG. vse cc hat ceria file cack aes 1899 
Physician. 
Biology. 
MUTA Os Mies Muara vette, alms - Syste sey ocshatevskete evs ye anes oe cheat aieliss dhe ents 1913 
EoikeraGeoyeNe WestolLatayette Ind jcn saccenc rene che crete cnt eles ace 1913 
EMIT Vere NS INCaAnapols, And jaSere. sects sacra eatin ce wise cet sete tue 1910 


Secretary, Indiana State Board of Health. 
Sanitary Science, Vital Statistics, Eugenics. 


AAI SOM swte AG aN © Wa Xe OIICr CLL Viera. cueie ageuc c.0/ayoust elie sus Susy a seers cpcilche ehcie eer ee ale 1893 
erie ran ki) as tater © Ole en ik ae yita sie) crea cle apetens tohewe cnet -hoie ete oie siete es 1912 
Professor of Botany, Pennsylvania State College. 
Botany. 
Lyons, Robert E., 630 E. Third St., Bloomington, Ind................ 1896 


Head of Department of Chemistry, Indiana University. 
Organic and Biological Chemistry. 
McBeth, William A., 1905 N. Highth St., Terre Haute, Ind.......... 1904. 
Assistant Professor Geography, Indiana State Normal. 
Geography, Geology, Scientific Agriculture. 


Marsters. Vie eh Santa row Mil @zr ek weystcverel svat eteucls lovey) ebeuene cis stele iaieots neler 1893 

Meese Cal: Terre: Eva besa lim Ore acys) oes ove shear ere a) oie wi, sopenaietals e260 Fs avece 1894 
President of Rose Polytechnic Institute. 

PVE John Anthony, ss waruminOre de Aaya. creme sie miciers slalecisuei 12 «isle 1904 


Professor of Mathematics and Astromony, Swarthmore College. 
Astronomy, Mathematics. 


Moenkhaus, William J., 501 Fess Ave., Bloomington, Ind............ 1901 
Professor of Physiology, Indiana University. 
Physiology. 

NIOOTe wi Chard sis:4- 1 Enver COlLOMa ace sew cletee sic ele oid sie aici Novae oto 1893 


With U. S. Bureau of Mines. 
Chemistry, Radio-activity. 
2—1019 
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Mottier, David M., 215 forest Place, Bloomington, Ind.............. 1893 
Professor of Botany, Indiana University. 
Morphology. Cytology. 

Naylor Jee. Greencastle) Lind: is</0. Pasa ose Aen ee 1903 
Professor of Physics, Depauw University. 


Physics, Mathematics. 


pNoOVes, sWilliam Albert, ‘Urbana; Gl. .2 iss s.ceet nea 2p eee 1893 
Director of Chemical Laboratory, University of Illinois. 
Chemistry. 

Pohlman, Augustus G., 1100 E. Second St., Bloomington, Ind........ 1911 
Professor of Anatomy, Indiana University. 
Embryology, Comparative Anatomy. 

Ramsey, Rolla R., 615 EB. Third St; Bloomington; Ind. 2..24-- eee 1906 
Associate Professor of Physics, Indiana University. 
Physics. 

Ransom, James H., 323 University St., West Lafayette, Ind......... 1902 
Professor of General Chemistry, Purdue University. 
General Chemistry, Organic Chemistry, Teaching. 

Rettger, Louis J., 31 Gilbert Ave, Terre Haute, Ind=:... 2. 7. 22cce 1896 
Professor of Physiology, Indiana State Normal. 
Animal Physiology. 

Roprock..DavidA., Bloomington; Ind: isc... ce. . £4 eee 1906 
Professor of Mathematics, Indiana University. 
Mathematics. 

Scott. Wall, tol Atwater St.. Bloomington: Ind-22--. +2. .-7-. 26 ee 1911 


Assistant Professor of Zoology, Indiana University. 
Zoology, Lake Problems. 

Shannon, Gharles: iW, Norman, Okla: 22°. osc. 2c ne convene iste Ott cae een 
With Oklahoma State Geological Survey. 
Soil Survey. Botany. 

Smith; Albert, 1022"Seventh St." West Ibhatayette. 7... 2-2... 2 eee 1908 
Professor of Structural Eugineering. 
Physics, Mechanics. 

yrsmith, Alexander, care Columbia University, New York, N. Y...... 1893 
Head of Department of Chemistry. Columbia University. 
Chemistry. 


Smith. Charles Marquis, 919 S. Ninth St., Lafayette, Ind............ 
Protessor of Physics, Purdue University. 

Physics. 

PHAM LT OD ein lad bavente mel Ossie stars sede ot cale sclele Siete sos a cee 
President of Purdue University. 

Chemistry. 

MPS OSeDHs Swarthmore Pal: j7.)cit wees een eek eek owe eee e ae 
President of Swarthmore College. 

Science of Administration. 

Van Hook, James M., 639 N. Coliege Ave., Bloomington, Ind......... 
Assistant Professor of Botany, Indiana University. 

Botany. 

+7 Waldo, Clarence A., care Washington University, St. Louis, Mo.... 
Thayer Professor Mathematics and Applied Mechanics, Washing- 

ton University. 
Mathematics, Mechanics, Geology and Mineralogy. 

A eUSTObeet Ni Kens tons Uda seed sree ele ore dae Bact 
Entomologist, U. 8S. Department of Agriculture, Washington, D. C. 
Entomology. 

Westlund, Jacob, 439 Salisbury St., West Lafayette, Ind........... 
Professor of Mathematics, Purdue University. 

Mathematics. 

Wiley, Elarvey: We, Cosmos) Club: Washington, D.Cos...... 22. 6.0.80- & 

Protessor of Agricuitural Chemistry, George Washington Uni- 
versity. 
Biological and Agricultural Chemistry. 

Woollen William) Watsons indianapolis: Indi 2..2......2ss5 10-200 
Lawyer. 

Birds and Nature Study. 

Wright, John S., care Wli Lilly Co., Indianapolis, Ind.............. 
Manager of Advertising Department, Eli Lilly Co. 

Botany. 
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1912 


1898 


1911 


1893 


1904 


1895 
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NON-RESIDENT MEMBERS. 


Ashley, George H., Washington, D. C. 

Branner, John Casper, Stanford University, California. 
Vice-President of Stanford University, and Professor of Geology. 
Geology. 

Brannon, Melvin A., 207 Chestnut St., Grand Forks, N. D. 
Professor of Botany. 

Plant Breeding. 

Campbell, D. H., Stanford University, California. 
Professor of Botany, Stanford University. 
Botany. 

Clark, Howard Walton, U. 8. Biological Station, Fairport, Lowa. 
Scientific Assistant, U. S. Bureau of Fisheries. 

Botany, Zoology. 

Dorner, H. B., Urbana, I[linois. 

Assistant Professor of Floriculture. 
Botany, Floriculture. 

Duff, A. Wilmer, 43 Harvard St., Worcester, Mass. 
Professor of Physics, Worcester Polytechnic Institute. 
Physics. 

Evermann, Garton Warren, Bureau of Fisheries, Washington, D. C. 
Chief, Alaska Fisheries Service 
Zoology. 

Fiske, W. A. 

Garrett, Chas. W., Room 718, Pennsylvania Station, Pittsburgh, Pa. 
Librarian, Pennsylvania Lines West of Pittsburgh. 
Entomology, Sanitary Sciences. 

Gilbert, Charles H., Stanford Universty, California. 

Professor of Zoology, Stanford University. 
Ichthyology. 

Greene, Charles Wilson, 814 Virginia Ave., Columbia, Mo. 
Professor of Physiology and Pharmacology, University of Missouri. 
Physiology, Zoology. 

Hargitt, Chas. W., 909 Walnut Ave., Syracuse, N. Y. 
Professor of Zoology. Syracuse University. 


Hygiene, Embryology, Eugenics, Animal Behavior. 


Hay, Oliver Perry, U. S.:National Museum, Washington, D. C. 
Research Associate, Carnegie Institution of Washington. 
Vertebrate Paleontology, especially that of the Pleistocene Epoch. 

Hughes, Hdward, Stockton, California. 

Jenkins, Oliver P., Stanford University, California. 

Professor of Physiology, Stanford University. 
Physiology, Histology. 

Jordan, David Starr, Stanford University. California. 

President of Stanford University. 
Fish, Eugenics, Botany, HMvolution. 

Kingsley, J. S., Tufts College, Massachusetts. 

Professor oi Zoology, ‘Tufts College. 
Zoology. 

Knipp, Charles ‘T., 9138 W. Nevada St., Urbana, Illinois. 
Assistant Professor of Physics, University of Illinois. 
Physics, Discharge of Wlectricity thru Gases. 

MacDougal, Daniel Trembly, Tucson, Arizona. 

Director, Department of Botanical Research, Carnegie Institute, Wash- 
ington, D. C. 
Botany. 

McMullen, Lynn Banks, State Normal School, Valley City, North Dakota. 
Head Science Departinent, State Normal School. 

Physics, Chemistry. 

Mendenhall, Thomas Corwin, Ravenna, Ohio. 

Retired. 
Physics, ““Hngineering,” Mathematics, Astronomy. 

Newsom, J. I'., Palo Alto, California. 

Mining Engineer. 

Purdue, Albert Hemer, State Geological Survey, Nashville, Tenn. 
State Geologist of Tennessee. 

Geology. 

Reagan, A. B., Nett Lake School, Nett Lake, Minnesota. 
Superintendent and Special Distribution Agent, Indian Service. 


Geology, Paleontology, Ethnology. 
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Slonaker, James Rollin, 534 Kingsley Ave., Palo Alto, California. 
Assistant Professor of Physiology, Stanford University. 
Physiology, Zoology. 

Springer, Alfred, 312 East 2d St., Cincinnati, Ohio. 

Chemist. 
Chemistry. 


ACTIVE MEMBERS. 


Allen, William Ray. Bloomington, Ind. 

Allison, Evelyn, Lafayette, Ind. 

Care Agricultural Experiment Station. 
Botany. 

Baine, H. Foster, 420 Market St., San Francisco, Cal. 
Editor, Mining and Scientific Press. 

Baker, Walter D., N. Illinois St. Indianapolis, Ind. 
Care Waldcraft Co. 

Chemistry. 

Baker, Walter M., Amboy. 
Superintendent of Schcols. 
Mathematics and Piiysics. 

Bauker, Howard J., 306 Hanna St., Greencastle. 
Professor of Biology. Del'auw University. 
Botany. 

Barcus, H. H., Indianapolis. 

Instructor, Mathematics, Shortridge High School. 

Barr, Harry L., Waveland. 

Student. 
Botany and Forestry. 

Barrett, Edward, Indianapolis. 
State Geologist. 

Geology, Soil Survey. 

Bates, W. H., 306 Russell St., West Lafayette 
Associate Professor, Mathematics. 


23 


Bell, Guido, 431 E. Ohio St., Indianapolis. 
Physician. 
Bellamy, Ray, Worcester, Mass. 
Bennett, Lee F., 825 Laporte Ave., Valparaiso. 
Professor ot Geology and Zoology, Valparaiso University. 
Geology, Zoology. 
Bishop, Harry Eldridge, 1706 College Ave., Indianapolis. 
Food Chemist, Indiaua State Board of Health. 
Blanchard, William M., 1008 8. College Ave., Greencastle. 
Professor of Chemistry, DePauw University. 
Organic Chemistry. 
Bond, Charles S., 112 N. Tenth St. Richmond. 
Physician. 
Biology, Bacteriology, Pliysical Diagnosis and Photomicrography. 
Bourke, A. Adolphus, 1103 Cottage Ave., Columbus. 
Instructor, Physics, Zoology and Geography. 
Botany, Pklysics. 
Brossmann, Charles, 1616 Merchants Bank Bldg., Indianapolis. 
Consulting Engineer. 
Water Supply, Sewage Disposal, Sanitary Engineering, etc. 
Brown, James, 5372 E. Washington St., Indianapolis. 
Professor of Chemistry. Butler College. 
Chemistry. 
Brown, Hugh &., Bloomington, Ind. 
Bruce, Edwin M., 2401 North Ninth St., Terre Haute. 
Assistant Professor ef Physics and Chemistry, Indiana State Normal. 
Chemistry, Physics. 
Bryan, William Lowe, Bloomington. 
President, Indiana University. 
Psychology. 
Bybee, Halbert P., Bloominzton. 
Graduate Student, Indiana University. 
Geology. 
Canis, Edward N., 2221 Park Ave.. Indianapolis. 
Officeman with William B. Burford. 


Botany, Psychology. 
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Carmichael, R. D., Bloomington. 
Assistant Professor of Mathematics, Indiana University. 
Mathematics. 
Caswell, Albert l., Lafayette. 
Instructor in Physics, Purdue University. 
Physics and Applied Mathematics. 
Chansler, Elias J., Bicknell. 
Farmer. 
Ornithoiogy and Mammals. 

Clarke, Elton Russell, Indianapolis. 

Clark, Jediah H., 126 East Fourth St., Connersville. 
Physician. 

Medicine. 

Conner, S. D., West Lafayette. 

Cox, William Clifford. 

Crowell, Melvin K., 648 I). Monroe St., Franklin. 

Dean of Franklin College. 
Chemistry and Plhysies. 

Cutter, George, Broad Branch Road, Washington, D. C. 
Retired Manufacturer of Mlectrical Supplies. 
Conchology. 

Daniels, Lorenzo E., Rolling Prairie. 

Reticed Farmer. 
Conchology. 

Davs, Melvin K., Anderson. 

Instructor, Anderson High School. 
Physiograpby, Geology, Ciimatology. 

Deppe, C. R., Franklin. 

Dietz, Harry F., 408 W. Twenty-eighth St., Indianapolis. 
Deputy State Entomologist. 

Entomology, Eugenics, Pacasitology, Plant Pathology. 

Dolan, Jos. P., Syracuse. 

Drew, David Abbott, 817 East Second St., Bloomington. 
Instructor in Mechanics and Astronomy. 


Astronomy, Mechanics. Mathematics and Applied Mathematics. 
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DuBois, Henry, Bloomington, Ind. 

Duden, Hans A., 5050 E. Washington St., Indianapolis. 
Analytical Chemist. 
Chemistry. 

Dutcher, J. B., Bloomington. 
Assistant Professor of Physics, Indiana University. 
Physics. 

Harp, Samuel FE., 243 Kentucky Ave., Indianapolis. 
Physiciasi. 

Easley, Mary, Bloomington, Ind. 


Edmonston, Clarence E., Bloomington. 
Graduate Student, Physiology, Indiana University. 
Physiology. 

Ellis, Max Mapes, Boulder, Celo. 
Instructor in Biology, University of Colorado. 
Biology, Entomology. 

Evans, Samuel G., 1452 Upper Second St., Evansville. 
Merchant. 
Botany, Ornithology. 

Ewers, James H., Terre Haute. 
Instructor in High School. 
Geology. 

Felver, William P., 5253 Market St., Logansport. 
Railroad Clerk. 
Geology, Chemistry. 

Wisher, Martin L., Lafayette. 
Professor of Crop Production, Purdue University. 
Agriculture, Soils and Crops, Birds, Botany. 

Frier, George M., Lafayette. 
Assistant Superintendent, Agricultural Experiment Station. Purdue 

University. 

Botany, Zoology, Entomology, Ornithology. Geology. 

Fuller, Frederick D., 215 Russell St., West Lafayette. 
Chief Deputy State Chemist. Purdue Experiment Station. 
Chemistry, Microscopy. 
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Funk, Austin, 404 Spring St., Jeffersonville. 
Physician. 


Diseases of Eye, Har, Nose and ‘Throat. 


Galloway, Jesse James, Bloomington. 
Instruction, Indiana University. 
Geology. Paleontology. 


Gates, Florence A., 416 Irving St., Toledo, Ohio. 
Teacher of Botany. 
Botany and Zoolozy. 


Gillum, Robert G., Terre Haute, Ind. 


Glenn, EH. R., 535 North Walnut St., Bloomington. 
Instructor in Physics, Bloomington High School. 
Physics. 

Gottlieb, Frederic W., Morristown. 

Care Museum of Natural History. Assistant Curator, Moores 
College. 
Archeology, Ethnology. 
Grautham, Guy E., 457 Vine St., West Lafayette. 
Instructor in Physics, Purdue University. 

Greene, Frank C., Missouri Bureau of Geology and Mines, Rolla, Mo. 

Geologist. 
Geology. 

Grimes, Ear! J., Russellville. 
Care U. S. Soil Survey 
3otany, Soil Survey. 

Harding, C. Francis, 111 Fowler Ave., West Lafavette. 
Professor of Electrical Mngineering, Purdue University. 
Mathematics, Physics, Chemistry. 

Harman, Mary T., 611 Laramie St., Manhattan, Kansas. 
Instructor in Zoology. IKKansas State Agricultural College. 
Zoology. 

Harvey, R. B.. Indianapolis. 


Heimburger, Harry V., 701 West Washington St., Urbana, I]. 


Assistant in Zoology, University of Illinois. 


Til! 


Hendricks, Victor K., 855 Benton Ave., Springfield, Mo. 
Assistant Ciief Engineer, St. L. & S. F. R. BR. 
Civil Engineering and Wood Preservation. 


Hennel, Cora, Bioomington. Ind. 
Hennel, Edith A., Bloomington, Ind. 


Hetherington, John P., 418 Feurth St., Logansport. 
Physician. 
Medicine, Surgery, X-Ray, Flectro-'Therapeutics. 
Hinman, J. J., Jr., University of Iowa, Iowa City, Ia. 
Chemist, Dept. Public Health and Hygiene. 
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Chemistry. 
Hole, Allen D., Richmond. 
Instructor, Earlham College. 
Hubbard, Lucius M., South Bend. 
Lawyer. 
Hufford, Mason E.. Bloomington, Ind. 
Wutton, Joseph Gladden, Prooikings, South Dakota. 
Associate Professor of Agronomy, State College. 
Agronomy, Geology. 
Uyde, Roscoe Raymond, erre Haute. 
Assistant Professor, Physiology and Zology, Indiana State Normal. 
Zoology, Physiology, Bacteriology. 
Ibison, Harry M.. Marion. 
Instructor in Science, Marion High School. 
Jackson, D. E., St. Louis, Mo. 
Assistant Professor, Pharmacology, Washington University. 
Johnson, A. G., Madison, Wisconsin. 
Jones, Win. J., Jr., Lafayette. 
State Chemist. Professor of Agriculture and Chemistry, Purdue Uni- 
versity. 
Chemistry, and general subjects relating to agriculture. 
Kenyon, Alfred Monroe, 315 University St., West Lafayette. 


Professor of Mathematics, Purdue University. 
Mathematics. 
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von KleinSmid, R. B., Tucson, Ariz.. 
President University of Ariz. 
Liebers, Paul J., 1104 Southeastern Ave., Indianapolis. 
Eudwig, C. A., 210 Waldron St.. West Lafayette, Ind. 
Assistant in Botany, Purdue University. 
Botany, Agriculture. 
Ludy, L. V., 229 University St., Latayette. 
Professor, Experimental Engineering, Purdue University. 
Experimental Engineering in Steam and Gas. 
Mason, T. E., Bloomington. 
Graduate Student, Mathematics, Indiana University. 
Mathematics. 
McBride, Robert W., 1239 State Life Building, Indianapolis. 
Lawyer. 
McEwan, Mrs. Mula Davis, Bloomington, Jnd. 
McClellan, John H., Gary, Ind. 
McCulloch, 7. S., Charlestown. 
Mance, Grover ©.. Bloomington, Ind. 
Markle, M. 8., Richmond. 
Middletown, A. R., West Lafayette. 
Professor of Chemistry, Purdue University. 
Chemistry. 
Miller, Fred A., 534 I. Twenty-ninth St., Indianapolis. 
Botanist for li Lilly Co. 
Botany, Plant Breeding. 
Montgomery, Hugh '., South Bend. 
Physician. 
Geology. 
Moore, George T., St. Louis, Mo. 
Director, Missouri Botanical Garden. 
Botany. 
Morrison, Edwin, 80 8. W. Seventh St., Richmond. 
Professor ot Physics, Earlham College. 
Physics and Chemistry. 
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Morrison, Harold, Indianapolis, Ind. 

Mowrer, Frank Karlsten, Interlaken, New York. 
Cooperative work with Cornell University. 
Biology, Plant Breeding. 

Muncie, F. W. 


Myers, B. D., 321 N. Washington St., Bloomington. 


Professor of Anatomy, Indiana University. 


Nieuwland, J. A., Whe University, Notre Dame, Ind. 
Professor, Botany, Editor Midland Naturalist. 
Systematic Botany, Plant Histology, Organic Chemistry. 

North, Cecil C., Greencastle. 

Northnagel, Mildred, Gary, lid. 


O’Neal, Claude I., Bloomington. 

Graduate Student, Botany, Indiana University. 
Botany. 

Orton, Clayton R., State College, Pennsylvania. 
Assistant Professor of Betany, Pennsylvania State College. 
Phytopathology, Botany, Mycology, Bacteriology. 

Osner, G. A., Ithaca, New York. 

Care Agricultural Colleze. 

Owen, D. A., 200 South State St., Franklin. 
Professor of Biology. (Retired.) 
Biology. 

Owens, Charles E., Corvallis, Oregon. 

Instructor in Botany, Oregon Agricultural College. 
Botany. 

Payne, Dr. I*., Bloomington, Ind. 

Petry, Edward Jacob, 267 Wood St., West Lafayette. 
Instructor in Agriculture. 

Botany, Plant Breeding, Plant Pathology, Bio-Chemistry. 

Phillips, Cyrus G., Moores Hill. 

Pickett, Fermen L., Bloomington. 

Botany Critic, Indiana University Training School. 
Botany, Forestry, Agriculture. 
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Pipal, F. J., 11 S. Salisbury St.. West Lafayette. 
Price, James A., Fort Wayne. 
Ramsey, Earl E., Bloomington. 
Principal High School. 
Shriver, Dr. Will, Indianapolis, Ind. 

Director, State Laboratory of Hygiene. 
Shockel, Barnard, Professor, Terre tlaute, Ind. 
Schultze, E. A., Laurel. 

Fruit Grower. 

Bacteriology, Fungi. 

Silvey, Oscar W., 457 Vine St., West Lafayette. 

Instructor in Physics. 

Physics. 

Smith, Chas. Piper, College Park Md. 

Associate Professor, Botany, Maryland Agricultural College. 

Botany. 

Smith, Essie Alma, R. F. D. 6, Bloomingten. 
Smith, BE. R., Indianapolis. 
Horticulturist. 
Snodgrass, Robert, Crawfordsville, Ind. 
Spitzer, George, Lifayvette. 
Dairy Chemist, Purdue University. 
Chemistry. 
Steele, B. L., Pullman, Washington. 

Associate Professor of Physics, State College, Washington. 
Steinley, Leonard, Bloomington, Ind. 

Stoltz, Charles, 530 N. Lafavette St., South Bend. 

Physician. 

Stoddard, J. M. 


Stuart, M. H., 3223 N. New Jersey St., Indianaolis. 
Principal, Manual Training High School. 


Physical and Biological Science. 
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Sturmer, J. W., 119 FE. Madison Ave., Collingswood, N. J. 

Dean, Department of Pharmacy, Medico-Chirurgical College of Phila- 
delpia. 
Chemistry, Botany. 

Taylor, Joseph C., Logansport. 
Wholesale merchant. 

Thompson, Albert W., Owensville. 
Merchant. 

Geology. 

Thompson, Clem O., Salem. 
Principal High School. 
Thornburn, A. D., Indianapolis. 
Care Pitman-Moore Co. 

Chemistry. 

Trueblood, Iro C. (Miss), 205 Spring Ave., Greencastle. 
Teacher of Botany, Zoology, High School. 

Botany, Zoclogy, Physiography, Agriculture. 

Tucker, W. M., 841 Third St., Chico, California. 
Principal High School. 

Geology. 

Turner, William P., Lafayette. 

Professor of Practical Mechanics, Purdue University. 

Vallance, Chas. A., Indianapolis. 

Instructor, Manual Training High School. 
Chemistry. 

Voorhees, Herbert 8., 2814 JIoagland Ave., Fort Wayne. 
Instructor in Chemistry and Botany, Fort Wayne High School. 
Chemistry and Botany. 

Wade, Frank Bertratu, 1089 W. Twenty-seventh St., Indianapolis. 
Head of Chemistry Department, Shortridge High School. 
Chemistry. Physics, Geology and Mineralogy. 

Walters, Arthur L., Indianapolis. 

Warren, Don Cameron, Bloomington, Ind. 


Waterman, Luther D., Indianapolis. 


Physician. 
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Webster, L. B., Terre Haute, Ind. 

Weatherwax, Paul, Bloomington, Ind. 

Weems, M. L., 102 Garfield Ave., Valparaiso. 
Professor of Botany. 
Botany and Human Physiology. 

Weir, Daniel T., Indianapolis. 
Supervising Principal, care School office. 
School Work. 

Weyant, James E., Indianapolis. 
Teacher of Physics, Shortridge High School. 
Physics. 

Wheeler, Virges, Montmorenci. 

Wiancko, Alfred T., Lafayette. 
Chief in Soils and Crops, Purdue University. 
Agronomy. 

Williams, Kenneth P.. Bloomington. 
Instructor in Mathematics, Indiana University. 
Mathematics, Astronomy. 

Williamson, I. B.. Bluffton. 
Cashier, The Wells County Bank. 
Dragontlies. 

Wilson, Charles F., Bloomington. 
Graduate Student, Zoology. Indiana University. 
Zoology. 

Wood, Harry W.. 84 North Ritter Ave., Indianapolis. 
Teacher, Manual ‘Training High School. 

Woodburn, Wm. I.., 902 Asbury Ave., Evanston, M1. 
Instructor in Botany, Northwestern University. 
Botany and Bacteriology. 

Woodhams, John H., Care Houghton Mifflin Co., Chicago, Ill. 
Traveling Salesman. 
Mathematics. 

Wootery, Ruth, Bloomington, Ind. 


Yocum, H. B., Crawfordsville. 
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Young, Gilbert A., 725 Highland Ave., Lafayette. 
Head of Department of Mechanical Engineering, Purdue University. 
Zehring, William Arthur, 303 Russell St., West Lafayette. 
Assistant Professor of Mathematics, Purdue University. 
Mathematics. 
Zeleny, Charles, University of Jllinois, Urbana, III. 
Associate Professor of Zoology. 
Zoology. 


Zufall, C. J., Indianapolis, Ind. 
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INDIANA ACADEMY OF SCIENCE 
IN JOINT SESSION WITH THE 
INDIANA CONSERVATION ASSOCIATION 


Wuereas, We have learned of the death of Mrs. Fairbanks, the wite 
of Hon. Charles W. Fairbanks, who was to have participated in this 
meeting, and the value of whose service in the cause of Conservation is well 
known: Therefore be it 

Resolved, That we hereby express onr sympathy with him and his 
family in this time of bereavement, and our regret at his unavoidabie 
absence from our meetings. and direct that a copy of this resolution be sent 
to him, and that it be spread upon the minutes of the respective organiza- 
tions. 

A. W. BULLER, 


For the Indiana Academy of Science. 


SEVIERANCEH BURRAGE, 


For the Indiana Conservation Association. 


MUNUTES OF SPRING MEETING. 


CRAWFORDSVILLE, INDIANA, 


MAY! 15, 16 AND UT, 1915° 


The 1913 spring meeting of the Academy was held at Crawfordsvitie 
and the Shades May 15 to 17. 

The scientific program consisted of a lecture Thursday, May 15, 8 p. m., 
by Professor G. Frederick Wright, of Oberlin, on “Thirty Years’ Progress 
in Glacial Geology.’ The lecture was an attractive and instructive presen- 
tation of an interesting subject and was much enjoyed by those present. 

Friday, May 1, was taken up with an excursion to the Shades of Death. 
This was of especial interest to geologists, botanists, and zoologists, but the 
natural grandeur of the place and the outing were appreciated by all. At 
noon the local committee served lunch at the Shades Hotel without cost 
to the members. Following the lunch a short business session was hel, 
about forty Members being present. The following were elected to mem- 
bership: Charles H. Baldwin, Indianapolis; Francis Daniels and H. F. 
Ashby, Crawtordsville, and I. L. Marerum, Waveland. There was sonic 
discussion of the matter of the Donaldson Farm, which was to have been 
left to the State as a park but which has been in uncertain control on 
account of legal complications. It was moved that “It is the sense of this 
Academy that the Donaldscn Farm should become the property of Indiana 
University, that the Academy use its influence to that end, and that the 
President of the Academy and Dr. C. H. Higenmann constitute a committee 
to prepare a suitable memoral to present to the proper authorities.” This 
was carried unanimously. It was moved that the thanks of the Acadeniy 
be extended to Professor Wright for his lecture. Carried by a rising vote. 
President Bodine presided. 

Friday evening after returning to Crawfordsville a very enjoyable 
dinner was served at the Crawford Ilouse, at 8:30, by the Academy with- 


out cost to the members. The dinner was followed by informal talks, Mr. 


36 


Amos Butler acting as toastmaster and responses being made by Messrs. 
Cogshall, Bodine, Macbeth, Kern, Culbertson, Barrett, Enders, J. 8S. Wright, 
Stoltz, Morrison and Eigenimann. Various items of interest relating to the 
trip to the Shades were brought out by the speakers. 

Saturday morning. May 17, was taken up by field trips along Rock 
River (Sugar Creek) to the crinoid beds and other places of interest. 
Many members also tock advantage of the opportunity to visit the Gen. 
Lew Wallace place. 

FRANK D. KERN, 
Secretary, pro tem. 


MINUTES OF THE TweEentTy-NINTH ANNUAL MEETING 


INDIANA ACADEMY OF SCIENCE, 


CLAYPOOL HOTEL, INDIANAPOLIS, INDIANA. 


OctToRER 24, 1915. 


The Executive Committee of the Indiana Academy of Science met in 
Parlor T and was called to order by the President, Donaldson Bodine of 
Crawfordsville. The following menibers were present: Donaldson Bodine. 
A. W. Butler, Severance Burrage. W. A. Cogshall, W. S. Blatchley, J. W. 
Beede, D. M. Mottier, G. Culbertson. C. R. Dryer, C. C. Deam, R. W. Me- 
Bride. C. H. Eigenmann and A. J. Bigney. 

The minutes of the Executive Committee of 1912 were read and ap- 
proved. 

The yeports of the standing committees were then taken up. The pro- 
gram committee, J. W. Beede, chairman, reported the work completed as 
indicated by the printed program, with several additional papers. 

The Treasurer, W. J. Moenkhaus, having gone abroad, left his work 
in charge of A. G. Pohlinan, but he, not being able to be present, delegated 
his power to W. A. Cogshall, who reported as follows: 


Balancestromel leer sect rien ne seca s Oo ae SOS 
ID WES 4 ties oreo he terres ee rei atineLee Aine cutee 148.00 
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EX EN MUtMEES) ysis crcomtinc oeer Renee ota tora ke aie hoteliers 166.60 
WSL AMCC A nsteusavs aren eee ete poseeRreie cote wuero us este $254.78 


On motion W. A. Coggshall was appointed Treasurer pro tem. 

The following auditing committee was appointed: Severance Bur- 
rage, C. R. Dryer, J. W. Beede. 

The Editor, C. C. Deam, reported that the work had been completed 
and the copy was in the hands of the printer. 
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The nomilating committee was appointed as follows: A. W. Butler, 
W. A. Cogshall, G. Culbertson. 

The President stated he had received a letter from an Austrian 
scientist applying for a certain correspondence position in the Academy. 
Since such a position does not exist in our Academy the Secretary was 
directed to reply to that effect. 

A letter was read from Dr. Stultz, of South Bend, inviting the Acad- 
emy to hold its spring meeting in that city. It was referred to the pro- 
gram committee. 

President Bodine suggested that the standing committees be appointed 
by the incoming president. After some discussion a motion was made and 
carried that the incoming president appoint his committees except those 
necessary for Carrying on the business of the Academy, such as auditing, 
pominating, ete. 

Judge McBride, of the conmittee on relations of Academy to the State, 
reported that they had succeeded in keeping the appropriation at $1,200. 

On motion Mr. Kutler was appointed to act with a committee from 
the Conservation Association to draft suitable resolutions on the death of 
Mrs. Fairbanks, a copy to be sent to Hon. C. W. Fairbanks and a copy 
spread on the minutes. 

On motion the Secretary was ordered to purchase a new secretary 
book and to have the old one bound. 

On motion the Secretary and A. W. Butler were appointed to ask the 
State Librarian for permission to deposit the records of the Academy in 
his safe for security. 

Adjournment. 

A. J. Bianry, Secretary. 

DONALDSON BopINe, President. 


PALM Room, CLAYPOOL HOTEL. 
October 24, 1913. 

The Indiana Academy of Science met in general session at 1:30 p. m. 
and was called to order by the President, Donaldson Bodine. 

susiness items were first taken up. J. W. Beede, of the Program Com- 
mittee, reported work completed as printed. 

Severance Burrage of the Auditing Committee reported the books of 
the Treasurer correct. 
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The Editor, C. C. Deam, made a complete report of his work, and 
stated that the copy was in the hands of the state printer. 

HK. R. Cumings, of the Membership Committee, reported the follow- 
ing names for membership: Dr. Will Shimer, State House, Indianapolis ; 
Elton Russell Clarke, Indianapolis; Harold Morrison, Indianapolis; 
Robert Snodgrass, Crawfordsville; Leonard Steimley, Bloomington; Dr. 
F. Payne, Bloomington; Ruth Wootery. Bloomington; Cora Hennel, Blooin- 
ington; Edith A. Hennel, I:loomington; C. J. Zufall, Indianapolis; Arthur 
L. Walters, Indianapolis; Mason EH. Hufford, Bloomington; Henry DuBois, 
Bloomington; Hugh I. Brown, Bloomington; Mary Lasley, Bloomington ; 
John H. McClellan, Gary: Kt. B. Harvey, Indianapolis; L. B. Webster, 
Terre Haute; Don Cameron Warren, Bloomington; Paul Weatherwaxs, 
Bloomington; Prot. Bernard Shockel, Terre Haute; Grover C. Mance. 
Bloomington; Mrs. Kula Davis MeEwan, Bloomington; Robert G. Gilluin, 
Terre Haute; Mildred Northnagel, Gary; William Ray Allen, Bloomington. 

On motion the persons named were elected members. 


The Treasurer pro tem, W. A. Cogshall, reported as follows. 


SS ALAN CS wi Mew Meee aes wee a earn cemrenae aha SNe SG a 2028 $273.38 
TOTS Se eee Pie ake ciara one ne ee eae Per Pate eo teehe es 148.00 
IN teeters suck Meters Recto hs ee ee Che ONES 421.38 
ERR POTENT SS 1. sees ois ys haeace oe ie eee toi tanto edotent 166.60 
salance Ma T ES 5 ea ERED nat el alien Su oucalben dere adele 254.78 


Dr. C. H. Higenimann inade a brief report of the expedition of Messrs. 
“enn and Wilson to Colombia that went out mnder his direction. 

Dr. H. J. Banker reported that he had collected 268 pages of data on 
the scientific literature in the libraries in the State. Many difficulties had 
been encountered but progress had been made. He stated that he had 
incurred an expense of $18.75 in this work. 

On motion the Academy ordered the Treasurer to pay this bill aud 
extend to Dr. Banker the thanks of the Academy for his efficient work. 
The committee was continued. 

On motion the papers of the Conservation Association were ordered pub- 
lished in the Proceedings of the Academy. 

The regular program was then taken up, beginning with President 


Bodine’s address. 
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PROGRAM. 
FRIDAY AFTERNOON, 1:30. 

Presidential: vAd dvGss aes fess ocks.s esis erties erosions eerere aye Donaldson Bodine 
The Flood of March, 1913: 

ATINOTVETTAULC ss ocelaye soso) s elon ena eee tone terelee eis Charles R. Dryer 

TN al OTe Be) EA Al ee a Ry Une Carls MeN are oiG Sete GP epee c aic L. C. Ward 

On the Ohio River in Southeastern Indiana.......... Glenn Culbertson 

On East and West Forks of White River................ H. P. Bybee 
The Wabash River Flood of 1915 at Lafayette, Indiana...... R. L. Sackett 


SECTIONAL MEETINGS. 
Section A. Biology. 
The Selective Action of Gentian Violet in Bacteriological Analysis. 
5 Been Nanas CE ae Min ON tomenshcie LatareNe roneleNn ate, onecoreltehe a oa ctens Maiete C. M. Hilliard 
An Epidemic of Diarrhoea, Presumably Milk-borne.......... P. A. Tetrault 
The Vertical Distribution of Plankton in Winona Lake....Glenwood Henry 
A Test of Indiana Varieties of Wheat Seed for Internal Fungous infec- 


LAN O) Gs, ine Eee Ohe OO CRORE emi raa res AO MOUTH Ac George N. Hoffer 
Pyropolyporus everhartii (E. & G.) Murrill, as a Wound Parasite..... 

sig tohagete pasPinis, a) atam ta letelatath ss Steed aidiard ote Waters aid tons race ous ake Os George N. Hoffer 
A Simple Apparatus for the Study of Phototropic Responses in Seed- 

TIS ine Sire aco ieee Eoin leo ieee ee ae eater de Litre George N. Hoffer 
Mosses of Monroe County, Indiana, IIl..................Mildred Nothnagel 
Observations on the Aquatic Plant Life in White River Following the 

Sprineet ood Of MOUS aie sicko oe baiele wiake esters 4s cieitee Paul Weatherwax 
The Occurence of Aphanomyces phycophites upon the Campus of Indiana 

WRIVGERSIEY. ©... ssn, sc eitiee Dees sis ees ee cle er slon icles Paul Weatherwax 
Inheritance Length of Life in Drosophila anpolophila...... Roscoe R. Hyde 
Oral Respiration in Amphiama and Cryptobranchus.......... H. J. Bruner 
Respiration Ang. Smell incAmphibians, 2. .c, sc ee sels s seats Sloe er H. L. Bruner 


General Outline of Trip of 1913 for the Purpose of Collecting the Fish 
Hanna Ol Colombian Ss tAnc cc = sysicy- estes ator cetera a Charles E. Wilson 


Section B. Miscellaneous. 


A Topographic Map of the Terre Haute Area............. Charles R. Dryer 
Center of Area and Center of Population of Indiana........ W. A. Cogshall 
On the Shrinkage of Photographic Paper.................... R. R. Ramsey 


Aeyl Derivativesyorn O-Aminopuenole seo sce ecerie eee ore eee ere J. H. Ransom 
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Boiling and Condensing Points of Aleohol- Water Mixtures..... P. N. Evans 
Additional Notes on an Almost Extinct Native Disease, Trembles...... 

3:0 BASU DOO UD OHODES DOO OEE OUI COG CCC noi O erie ieaene Robert Hessler 
Race Suicide....... eT Nd gy ls Bean et Robert Hessler 
A Psychologist’s Investigation in the Field of Crime Among Adolescents 

Tove cr chs ster Ver oe ern: srener dic tera oy or sasekousl cor haclase’ ovels a R. B. von KleinSmid 
ATICHItUrAl Work in) Southern Indiana.-2.-.....-..----..+- C. C. Phillips 
Some Remarkable Wells in Bean Blossom Valley, Monroe County...... 

> od CH EAOUOTORE Coe RUBE Od te OOOO COmise COLOR nnieces J. W. Beede 
On the General Solution and so-called Special Solutions of Linear, Non- 

homogeneous, Partial Differential Equations........... H. L. Steimley 
A Modified Permeameter............... Edwin Morrison and B. D. Morris 


FRIDAY EVENING, 6. 


Members of the Academy and Conservation Association so inclined will 


have dinner together at tables in the Claypool Hotel. 


FRIDAY EVENING, 7:45. 
Business session of the Academy of Science. 


Election of Officers, etc. 


PROGRAM. 
The germination of Arisaema dracontinus. Lantern......... F. L. Pickett 
The Prothallium of Camptosorus rhizophyllus. WLantern...... F. L. Pickett 
Irish Potato Scab as Affected by Fertilizers Containing Sulphates and 
Chlorides; VWampe rw yee a pave iersicclorvsteice see ss =e) salto ayeyss o Ce) wy elees S. D. Conner 
Newly Discovered Phenomena Connected with the Electric Discharge in 
PACTS Ae CAV IAE OTN sy ore crchabes scat s crenane toueaconctone tual =iei1e5cle fee: #6 abche Surevevay sh eiacd A. L. Foley 


JOIN’ CONFERENCE ON CONSERVATION. 
SATURDAY, 8:30 To 12:30. 


Water Conservation. 


A Sanitary Survey of Indiana Rivers................. Jay Cravens, C. E. 
The relations of the Lakes of Northern Indiana to Problems of Flood 
GOGO ee orci oes oni aroma eee faoliie & tekoretiecotince ba +e) wile) cree Mel S/etenels Will Scott 


(The papers on flood damage and control are listed under the regular 


program of the Indiana Academy of Science.) 
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Forest Conservation. 


KIESE StEpS all INGiand WOneStLY: -4-...- = 6 Se rey: Stanley Coulter 
Taxation of Forest Lands...... Aeonelate Tove a2 STE One Sees .H. W. Anderson 
iNorestsvand WlOGdS....0 a. sa. ae REO orio oe Sarees tater e tube adits I. M. Andrews 


Conservation of Human Life. 
County Tuberculosis Hospital as a Factor in the Conservation of Human 
TEE Poe cS ei eteeitlets ion oie cee ela slalares ayo aie a ee oleeisle. sie SU ELLE Se Yee mE nate 
Playgrounds and Recreation Centers as Factors in the Conservation of 
ELUM aeire eee i isteterete ere ovens eters aisle Sino, end eretereieys-> elmiens oe keer uae 
Public Toilet Facilities, Drinking Fountains and Public Spitting in Re- 
lation to the Conservation of Human Life.............. C. M. Hilliard 


Mineral Resources. 
Possible Dangers from Drilling for Oil and Gas in Coal Measures..... 
sVeteiciePa terete Dg Sis’ 'n ve ahe.c! con's ase Sya'se: oie cVaTe cletn aiet ce a elbey oles entatte pertaiiai eats CLNNEL IC We ea ay CRIES 
Power Economy and the Utilization of Waste in the Quarry Industry. . 


Sais Ose arene stale veueiacoistee AALS Da. creak inns ceathstio a oes ox, As Miami 


In the evening session the Membership Committee reported the follow- 
ing persons for election as Fellows of the Academy: George N. Hoffer. 
West Lafayette; C. M. Hilliard, Latayette; M. E. Haggerty, Bloomington. 

The Committee on Nominations reported the following for officers for 


the ensuing year: 


President—Severance Burrage, Indianapolis. 
Vice-President—-A. L. Foley, Bloomington. 
Secretary—A. J. Bigney, Moores Hill. 
Assistant Secretary-—-H. I. Enders, Lafayette. 


Press Secretary—F. B. Wade, Indianapolis. 


Treasurer—W. A. Cogshall, Bloomington. 

Editor—H. E. Barnard, Indianapolis. 
On motion they were elected as reported. 
The program was then completed. 


Adjournment. 
A. J. BIGNEY, Secretary. 


DoNALDSON BopiNgE, President. 
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PRESIDENT’S ADDRESS: THE WoRK OF THE INDIANA 
ACADEMY OF SCIENCE 


DONALDSON BODINE. 


Not the least among the agencies that make for the betterment of a 
state are such organizations as the Indiana Conservation Association and 
the Indiana Academy of Science. ‘Their officers and members receive uo 
salary, they attend the meetings at their own expense and there formally 
and informally discuss together problems which have to do with the devel- 
opment of the commonwealth. Doubtless the greatest immediate gain 
comes to the individual who takes advantage of the opportunity for fellow- 
ship and the mutual interchange of thought and opinion, but through the 
individual the state also reaps its reward. It is as true in science as in 
morals that the level of the state is determined by the level of the individ- 
uals who compose the larger body. The primitive law of life is competition 
—a competitive struggle for existence and advancement. The work of Dar- 
win, and more especially that of his followers, has given sufficient empha- 
sis to the importance and universal application of this law; but even in the 
lower realms of life, we find the beginnings of a higher law, cooperation—- 
a mutual aid in the struggle. Iessler, Kropotkin, and others have shown 
the equal if not greater importance of this later principle and have called 
attention to the fact that in all groups of animals fhose who have developed 
this mutual aid in the largest degree have shown the greatest progress. 
In social evolution also the greatest advances have come since competition 
has given way to, or at least has been modified by, cooperation, and the 
greatest teacher the world has known founded his plan for the salvation 
of the individual and the race upon the principle of mutual service. This 
mutual service should be the watchword of the members of the Academy. 

The constitution of the Academy provides that the President shail 
deliver an address on the morning of one of the days of the meeting at 
the expiration of his term of office, and in obedience to that provision and 


in conformity with the idea of true conservation, which means the best, 
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most intelligent and therefore the most efficient use of resources, I beg 
to bring to your attention some questions which I believe to be of vital 
importance to the Academy and to its greatest efficiency as a state organ- 
ization. This is an age of organization, and associations of various sorts 
are rapidly multiplying. Everyone must feel the burden of the demands 
of societies, local, state and national, upon his time, attention and means; 
and to secure and maintain the loyalty and devotion of its members, any 
society must prove its value in substantial returns. It has been my privi- 
lege to belong to the Academy since my advent into Hoosierdom, and 
nearly two decades of membership have given me a high appreciation of 
its value. I otfer no excuse. therefore, for bringing to your attention some 
features of the work of the Academy and in asking your consideration of 
some suggestions which may be of service in making it of still greater use- 
fulness to its members. 

Societies, like individuals, must be undergoing a continuous develop- 
ment, unless indeed they are moribund. They must be adapted to the needs 
and demands of the tinies and from time to time readjustments are im 
perative if a vigorous life is to be maintained. Not too infrequently, then, 
should we pause to take stock of our present condition and consider ways 
and means by which greater effectiveness can be secured. A few years ago 
one of our distinguished past presidents, Dr. Jordan, said that the fight 
for the recognition of science in the educational field and in the world at 
large was a potent factor in binding together the members of the Academy 
in a common cause. Times have changed. No longer is it necessary for 
the man of science to assert his rights. The theoretic chemistry of yester- 
day is at the foundation of modern industry; the “plaything” of the physi- 
cist of yesterday, today lights the world and puts distant peoples into in- 
stant communication; the marvels of the biologist’s microscope and culture 
tubes have become the dependence of the modern world for the mainte- 
nance of its life and health. and the public has become well-nigh too cred- 
ulous of the powers of science. The old field of battle has been won, but 
there are other and greater promised lands of usefulness which must be 
entered and possessed, and the new conquests require new adjustments and 
new weapons. 

Section 2 of Article I of the constitution sets forth the purposes of 
the Academy as follows: ‘The objects of this Academy shall be scientific 
research and the diffusion of knowledge concerning the various depart- 


ments of science, to promote intercourse between men engaged in scientific 
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work, especially in Indiana; to assist by investigation and discussion in 
developing and making known the material, educational and other resources 
and riches of the State; to arrange and prepare for publication such reports 
of investigations and discussions as may further the aims and objects of 
the Academy as set forth in these articles.” 

The first provision for the encouragement of research and the diffusion 
of knowledge concerning the various departments of science is an impor- 
tant one. Examination of the printed volumes of the Proceedings will dis- 
close a long list of original contributions and reports of investigations of 
the natural resources of our state and of the development of various 
phases of scientific progress. 'The record is one of which we may well be 
proud. Many of the papers have been an inspiration to those who heard 
their presentation, and they remain an invaluable, permanent record ol 
current problems or of conditions long since passed away. Still it is 
worth while to raise the question whether it may not be possible to increase 
the value and interest of the papers presented at our regular meetings by 
making them part of well considered and carefully prepared programs. 

In connection with this problem tbere appears a serious defect in the 
practice which obtains in the organization of the committees upon which 
the Academy must depend for the direction of its work. The constitution 
provides that “The President shall at each annual meeting appoint two 
members to be a committee which shall prepare the programs and have 
charge of the arrangements for the meetings for one year.’ Current prac- 
tice so interprets this provision that the retiring president chooses this ana 
other committees which must work with the newly elected officers. This 
I consider a seriously unfortunate usage. Under such conditions there is 
no reason to anticipate the same sense of common interest and responsi- 
bility for the work of officers and committees as would obtain if the act- 
ing president had the appointment of his own committees. As an illus- 
tration I may cite the fact that one year within the writer’s knowledge 
the chairman of the program committee, which so far as the immediate 
interests of the Academy are concerned is the most important committee. 
was not even informed of his appointment till so late as to make arrange- 
ments for the spring meeting altogether impracticable. Had the acting 
president selected his own committees there certainly would have been 
a closer cooperation and a fuller sense of responsibility and therefore more 
efficient service. This statement is made not in adverse criticism of either 
officers or committees, but of the unwise practice of the Academy. Co1m:- 
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mittees are the organs of a society, and without their efficient action even 
an enthusiastic membership can avail but little. In the interest of a closer 
cooperation and better service I would commend to the Academy a change 
in its practice to the end that the incoming president may choose and 
appoint the committees with which he is to work and for whose action he 
is in large measure responsible. 

May I also add a word here to emphasize the fact that it is a mat- 
ter of vital importance to the Acadeiny that each committee should organ- 
ize promptly and carry on its work with some energy. Except dur- 
ing its regular meetings the Academy is a discrete body and must there- 
fore delegate the performance of its necessary work to special or standing 
committees and must rely upon then for its proper and timely accomplish- 
ment. In the case of the standing committees, some of the members are 
carried over from year to year and are therefore somewhat familiar with 
the work they are expected to do. On the other hand the president is 
elected for one year and comes to the office with no special knowledge of 
the organization of the Academy or of the immediate duties of his office. 
In addition to this, the membership being state-wide in its distribution. 
there are few opportunities for personal conference in planning or carry- 
ing on the work. It is practically necessary, then, for the chairmen to 
take the initiative and to assume the responsibility to the president and 
the Academy for the efficient performance of the work devolving upon their 
several committees. 

If the work of the committees be neglected or indifferently performed, 
the Academy suffers and has little opportunity to repair the failure. For- 
tunately, members are loyal and try to render excellent service. The chief 
difficulty comes from a failure to realize the time-consuming nature of the 
accomplishment of work through correspondence and the delays incident 
to widely separated residence of different niembers of committees. Every 
cominittee, therefore, should organize at once and make early preparation 
for their work. 

The committee of most immediate importance to the Academy is the 
program committee and it is so fundamental that I may be pardoned a com- 
ment or two regarding its work. Personally I do not believe it is sufficient 
that this committee simply issue a call for contributions. Plans for a defi- 
nite program should be made at once, and by persenal invitation and cor- 
respondence the cooperation of members should be secured in carrying it 


out. This year’s program affords an illustration of this plan, and I be- 
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lieve will prove its valuc. <A definite idea should be developed as to the 
principal feature of the program, and the participation of individual mem- 
bers should be secured to treat of its various phases lying within the range 
of their several fields of work. This involves much labor, but the results 
will justify the effort, and I am sure the committee will be willing to give 
the necessary time aud energy to the accomplishment of the plan. The 
writer does not believe that the papers form the most important part of 
the work of the Academy, but it goes without saying that a well-planned, 
attractive program is of first importance in gaining attendance and inter- 
est at the meetings, and without these all other ends will suffer defeat. 

One result of the specialization of today is the narrowing of the inter- 
ests of workers to smaller and smaller limits within tiie fields of their 
special activities. I quote in part from the address of Dr. John M. Coulter 
to the Academy on the occasion of the celebration of its tweuty-fifth anni- 
versary. There is ‘a tendency to become narrow iv our yision and lose 
our perspective of the whole field not only of science but also of education. 
You will find that as scientific men become less and less interested in other 
fields of work, as they grind their own grooves deeper and deeper, they 
become less and less effective as teachers and less and less influential with 
their students. You will find men with broad outlook, clear and wide vis- 
ion, men with sympathy—men can only get these things by coming in con- 
tact with larger fields than their own—are the men who win with stu- 
dents.” So spoke one of Indiana’s most effective teachers, and we must 
all be quite in accord with his opinion. Since we recognize this tendency. 
I would point out that a prograin which by its general interest and excel- 
lence will provoke thought and diseussion in other than immediate indi- 
vidual fields of activity would be of inestimable value in the work of the 
Academy for its members. To this end may we not expect and demand the 
hearty cooperation of officers and committees and a ready and enthusiastic 
support from the whole membership? 

One other consideration in connection with the regular programs is 
worth a passing mention. Modern photography and improved projection 
apparatus afford an important addition to the means of clear and inter- 
esting presentation of results of work, and in connection with this visual 
method I venture to suggest that more attention be given to the exhibition 
of specimens, apparatus, or preparations. The greater part of our mem- 
bers are teachers er are in some way closely identified with educational 


work, and the display of apparatus or preparations that have proven help- 
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ful in actual vse would be of great practical value. Such displays have 
become one of the most acceptable features of the meetings of the see- 
tions of the American Association and of its affiliated societies and with 
our smaller and mere intimate membership they might well prove of equal 
or greater value. Reference is not made here to the elaborate display of 
a single worker so much as to the exhibition of a number of less preten- 
tious bits of apparatus or ingenious devices or illustrative specimens. For 
example, one scarcely ever visits a laboratory for the first time without 
seeing some ingenious device that has been worked out to meet a real need. 
Usually the same need is found elsewhere, and the display of the device at 
such 2 meeting as ours would command an appreciative welcome and be 
both suggestive and helpful. 

The most important function of the Academy lies outside of the reg- 
ular program, though in a large measure the latter conditions its success. 
I reter to the social side of the meetings—the intercourse of members for 
personal association and inspiration. The testimony of all older members 
agrees upon this as the pleasantest and most profitable feature of the 
Academy. During the business or teaching year we are largely isolated 
from each other. Sometimes a want of sympathy with or even distrust of 
the work of others arises from a Jack of personal acquaintance and a know!- 
edge of what they are doing. President Wilson has said that “Unless the 
hearts of Men are bound together, the policies of men will fail; because 
the only thing that makes Classes in a great nation is that they do not 
understand that their interests are identical.” Personal acquaintance will 
do more than any other one thing to bring about a common good fellow- 
ship and mutual appreciation which will insure that the other objects of 
the Academy will flourish through stimulus to thought and work and wider 
usefulness. The political boundaries of a state may not serve best as 
limits to a scientific organization, but at least they do serve to bind 
together into a practical working unit for the purpose of acquaintance, 
friendship, and cordial relations the scientific workers of a limited geo- 
graphical community. This alone is an all-sufficient justification for the 
existence of our state organization. 

Man is a social being, and nothing else is so potent in his develop- 
ment as personal contact with his fellows. Wagner has made much of 
isolation as a factor in evolution. Jordan insists upon its necessity if 


animals are to maintain themselves and develop into a species. This 
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isolation, however, is not that of the individual, but of a society. Isola- 
tion of the individual kills; of the society, vivifies. Segregation, with 
its consequent freedom from intimate contact with distracting forces and 
especially with its consequent interaction of varying kinds and degrees 
of like tendencies and interests, is of paramount importance in the 
development of the individual. This kind of segregation is just what 
our organization can and should accomplish. As members we are each 
interested in some particular field of work and too many of us find it 
difficult to keep in touch with the broad fields of which ours is but a 
part. No other agency can do so much to help us here as the personal 
contact which our meetings make possible. During the last two decades 
the pendulum has swung too far in the direction of intense specialization 
to the exclusion of the broader training, and already clearer minds are 
calling us back to the fact that science is one great field, and that to 
succeed in any part, one must have a broad view and a fair knowledge 
of the whole. The distinguished president of the British Association 
laid emphasis upon this in his address upon “Continuity” at the Bir- 
mingham meeting last month. President Van Hise says that for the 
training of a geologist there must be intimate knowledge of at least two 
basal sciences with a broad knowledge in other fields. “No man,” says 
he, “may hope for the highest success who does not continue special stud- 
ies and broadening studies to the end of his career. Besides the broad 
training in language which is essential in every field, there must be 
an intensive training in chemistry, physics, mineralogy, and biology.” 
In other words the study of geology alone cannot make a competent 
geologist. Professor Bessey, whose word always commands the thoughtful 
attention of all teachers and students in America, contends that the 
fundamental training of a botanist may well be limited in the special 
botanical field to three years of university work, so that time and energy 
may be spared to the acquisition of the broader foundation necessary 
for subsequent specialization. With such a wide training the student is 
able to take up his special work with an intelligence and understanding 
that is impossible to one trained in a narrower fashion. In his presiden- 
tial address to the Academy three years ago Dr. Evans said: ‘He is a 
poor chemist, who is only a chemist.” Further testimony from experts 
in the scientific and educational fields could be cited, but I believe we all 


agree as to the value of broad training and the maintenance of broad inter- 
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ests along with any degree of specialization that may be attained. In 
view of this belief may I repeat that the personal interchange of ideas 
and the comradeship that our meetings afford can do much to nourish and 
keep alive this wider interest in different fields that all too readily be- 
comes deadened by the isolation of the individual in his own work. In 
this service the Academy has a peculiar advantage over associations organ- 
ized to promote some particular purpose. Its interests are broad, its 
members are recruited from widely varying fields, and yet all are bound 
together by their common interest in scientific work. In this respect no 
other organization has quite so much to offer to its members. The work- 
ing out of the problem involves grave difficulties, but I believe there should 
be some way of putting larger emphasis upon the social side of the meet- 
ings. If possible the program committee should make some provision 
for greater opportunity for social intercourse. Short recesses in the regu- 
lar sessions might be of service. The examination and discussion of 
exhibits such as previously suggested would be admirable for the purpose 
and would be not less effective than more elaborately planned occasions 
which are likely to become more or less formal and thus miss their real 
object. A greater cordiality on the part of the older members toward 
the younger, especially those who have recently joined the ranks of the 
Academy, would count for much. We should be of one large family and 
not stand too much upon formality. 

In this connection let me remark that the Academy is not living up 
to its privileges. It should have a much larger membership. Indiana has 
many scientists engaged in industrial work. Pure and applied science, if 
we may use as still tenable that distinction of Huxley’s, go hand in hand 
and we should do well if we could enlist in the service of the Academy 
many of the workers in the fields of the practical application of science. 
There should be some systematic effort by the membership committee to 
seek out these men and to show them the advantages of a connection with 
the Academy. - In this work the committee must have the hearty coopera- 
tion of every member. It should be possible to enlist in our service the 
members of the various state departments of science who are doing valiant 
service in promoting the welfare of the people through work in agriculture, 
entomology, forestry, geology, health, hygiene, and sanitation. They would 
greatly help the Academy and in turn would unquestionably be well repaid 
by the advantages of membership. 


In connection with the social side of the work of the Academy, one 
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other feature needs special mention. Conversation with the various mem- 
bers has shown that too little is known of the regular spring meetings. 
Comparatively few attend, but of those who do it is the common testimony 
that they are both most enjoyable and profitable. May I urge their claim 
upon your attendance? They are held in a different place each year and 
are in the nature of field excursions. This plan offers two great advan- 
tages. It gives occasion for members to visit different parts of the state 
and in association with others, some of whom are familiar with the terri- 
tory, to become acquainted with the characteristic features of the locality. 
Through a series of years opportunity is given to acquire a personal knowl- 
edge of the more interesting and representative parts of the state which 
one scarcely would or could attain by individual travel or excursions. 
Field trips of this sort also afford the very best opportunities for gaining 
mutual acquaintance and for interchange of ideas and discussion. As one 
who has rarely missed a spring meeting and then only with regret and by 
reason of necessity, let me urge upon all the pleasure and advantages of 
attendance. That many other demands upon time and attention, especially 
at that time of the year, are pressing is recognized, but the value of such 
meetings will well repay the sacrifice of trouble and expense, and it is 
hoped that many who have not as yet attended these excursions into 
the field will in the near future find it possible to take part in them. I 
have endeavored to outline some ways in which immediate work may be 
done in the interests of enlarging the usefulness of the Academy. I am 
convinced that such work should be undertaken and have therefore turned 
from a more attractive theme as the subject of my address because it 
seemed to me a proper time and occasion to call attention to the necessity 
of some changes if we are to maintain and increase our membership and 
to serve it efficiently and well. With opportunity comes responsibility ; 
and vesponsibility well discharged, brings yet larger opportunity. With 
an increased and united membership we could take an important part in 
the educational work of our state which, on its scientific side, needs direc- 
tion and encouragement. 

In closing allow me to propose one definite undertaking which I believe 
the Academy should give careful consideration. The end to be gained we 
would all welcome, and the effort toward its attainment would in itself 
be of value and incidentally bring other happy results. It seems to me 
that the Academy of Science is the proper body to urge a movement toward 
the establishment as part of our educational system of an adequate organi- 
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zation of a state museum for the collection, exhibition and preservation of 
our fauna and flora, our geological and archeological history, and our nat- 
ural resources. Such a museum would become the center of the scientific 
work of the state and the depository of the materials brought together by 
the state surveys. I do not mean to advocate a museum in the old sense 
of the word, to be a mere custodian of rare or curious specimens and rec- 
ords, but an organized department which shall exhibit our natural 
resources and point out the possibilities of their development in the inter- 
ests of the people. Such a museum would fill a large place in the educa- 
tional system of the state. 

The rise of the museum in the city, state, and nation is the latest 
phase in the educational evolution of our day. It is only necessary to 
point to the work of such institutions as The National Museum at Wash- 
ington, The New York State Museum at Albany, The Museum of Natural 
History at New York, The Carnegie Museum at Pittsburgh, and The Field 
Museum at Chicago, to prove its value in modern life. Its method of 
teaching is direct and impressive and it is the only method that is able to 
reach many of the people of a community. “The truest measure of civili- 
zation and of intelligence in the government of a state,’ I quote from an 
address of Professor Henry Fairfield Osborn, “is the support of its insti- 
tutions of science, for the science of our time in its truest sense is not the 
opinion or prejudices, the strength or weakness of its votaries; it is the 
sum of our knowledge of nature with its infinite applications to state wel- 
fare, to state progress, and to the distribution of human happiness.’ In 
the development of this side of our educational system Indiana—-we must 
admit it with regret—is far behind other and neighboring states. New 
York State is the leader and has evolved an ideal organization. Beginning 
in 1856 with the establishment of an official Natural History Survey, she 
has made successive and progressive changes until in 1894 a consolidation 
under the State Department of Education placed the museum at the head 
of all the scientific interests of the state. It directs all surveys, archeo- 
logical, botanical, entomological, geological, paleontological, topographical, 
and zoological. and with the consolidation has come a great gain. It has suc- 
ceeded not only in building up a museum worthy of a great state, but it 
las also taken a place in the educational work which no other organization 
could fill equally well. By means of instructive exhibits it has become a 
great teaching force, and through its traveling collections and the furnish- 


ing of materials and specimens to schools and societies it has widened its 
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sphere of usefulness till it reaches every part of the state and has the sym- 
pathy and active support of a wide constituency. 

Our own state in 1869 organized a Department of Geology and Nat- 
ural History and much good work has been accomplished. The energies 
of the department have been largely confined to investigations in the 
geological field, however, and its official title has been changed to The 
Department of Geology and Natural Resources. Little has been done in 
other fields and practically nothing in an educational way to gain the inter- 
est and support of the people of the state as a whole. It has been unable, 
therefore, to obtain adequate financial support from the state or to enlist 
the cooperation of other departments and organizations which should assist 
in building up an institution of which we might be proud and which would 
take a large place in the educational system of the state. Indiana now has 
a number of state departments or boards for the control or prosecution of 
work in various fields of pure or applied science, but for the most part 
they are independent in organization and work and there is lacking that 
cooperation and solidarity we should expect and without which the highest 
effectiveness cannot be attained. Let me say again that this statement of 
fact is not made in the spirit of criticism of the officers or personnel of any 
department; the purpose is simply to call attention to the situation as it 
exists and to point out the desirability of a change in the organization to 
bring about a condition more fitting to present conditions and therefore 
more advantageous to all departments and to their work for the state. I 
believe it would be wise and proper for the Academy, together with the 
different scientific departments and boards of the state, to consider some 
plan for the consolidation of the scientific agencies of the state which 
would render their work more effective and more extensive and thus gain 
the sympathy of the people and the necessary increased financial and other 
material support from the legislature. What is everybody’s business is 
nobody's business, but some body or some organization should make it its 
business at least to consider some method of encouraging and forwarding 
the organized scientific activities of the stae, and by reason of its character 
and standing the Academy of Science might well lead the way. For such 
action the third purpose of the organization as laid down in the constitu- 
tion provides abundant warrant, and it is the belief of the speaker that 
through such action the Academy would render large and lasting service 
to the state. 
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WasasH Strupies. IV: THe FLoop or Marcu, 1913, 
AT TERRE Haute. 


CHARLES R. DRYER. 


The natural channel of the Wabash at Terre Haute is 700 feet wide 
and 15 feet deep, low water standing at 446 feet A. T. The flood plain 
which becomes a channel at high water is 460 feet A. T. and from 9,000 to 
13,000 feet wide. The bluff on the west rises to about 550 feet and the 
terrace on the east to 490 feet. An island terrace, a mile long and a 
quarter of a mile wide, rising to 480 feet, stands in the flood plain near 
the west side. 

The city of Terre Haute occupies the terrace along the east bank of 
the Wabash, 45 to 65 feet above low water and 50 to 50 feet above the 
flood plain. West Terre Haute (population 6,000) stands on the island 
terrace 10 to 20 feet above the flood plain. Taylorville, a slum district 
(population 600), is built on the flood plain at the west bank of the river. 
Toadhop (population 200) is a workmen’s village in the flood plain where 
Sugar Creek breaks through the west bluff. 

The grade of the Big Four Railroad, fifteen feet high, crosses the flood 
plain diagonally to the northwest, but has an opening midway 200 or 300 
feet wide, crossed by a trestle. The grade of the Vandalia Railroad, of 
equal height, crosses the plain at right angles without a break except an 
underpass about fifteen feet wide for the Paris interurban line near the 
west end. The Wabash avenue grade to West Terre Haute parallels the 
Vandalia and forms a complete dam, paved with brick. Each of these 
roads crosses the river by a steel bridge about 700 feet long resting on 
four or five piers. 

Ou March 24, 1913, the river gauge stood at 17 feet and the water was 
out of the channel, flooding Taylorville. On March 27th the river had 
risen to 31.25 feet (477 feet A. T.), where it stood for about fourteen hours. 
Taylorville and Toadhop were submerged and the waters occupied West 


Terre Elaute except two small islands. The railroad grades were washed 
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out for about half a mile and water a foot deep poured over the whoie 
length of the Wabash-avenue grade, forming a waterfall about two feet 
high upon the interurban track on the south side. A bayou which cuts 
into the terrace on the northwestern edge of Terre Haute was flooded and 
about sixty houses were covered or floated away. The flood still lacked 
thirteen feet of reaching the lowest levels of the Terre Haute terrace, 
but threatened or reached the basements of several public utility stations 
along its river edge. The water-works pumping station did not suspend 
operation, although the filtering plant was unusable. The station which 
furnishes city light and power for car lines was protected by a temporary 
levee and out of business but a few hours. ‘The gas works shut down four- 
teen hours. 

Terre Haute was without railroad communication for about a week, 
but mail and passengers were transferred two miles by boat. One of the 
peculiar and interesting marks left by the flood was the spreading out of 
the gravel from the broken Vandalia grade into a great fan, which buried 
many houses in West Terre Haute up to the second story in gravel. The 
railroad and street grades acted as so Many dams to compel the flood 
water to pass through the normal channel 700 feet wide. If they had been 
provided with adequate openings high water would have been several feet 
lower, the grades would have been left intact and West Terre Haute un- 
covered by water or gravel. During midsummer low water the discovery 
was made that the piers of the Wabash-avenue bridge had been seriously 
undermined and they had to be strengthened with concrete. The dis- 
charge of flood water under the bridges has been estimated at 300 times 
us great as the normal, a contingency for which the bridge engineers had 


not provided. 
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Tue Fioop or Marca, 1913, ALONG THE OHIO RIVER 
AND Its TRIBUTARIES IN SOUTHEASTERN INDIANA. 


GLENN CULBERTSON. 


Upon investigation it was found that the floods of the tributaries of 
the Ohio River in southeastern Indiana, resulting from the unusual rain- 
fall of March 23-27, 1913, were not so remarkable as those of the streams 
of central Indiana and Ohio. 

Two reasons may be given for this. ‘lhe first is that the precipitation 
in the basins of the tributaries of the Ohio in southeastern Indiana dur- 
ing the above period did not exceed seven or seven and a half inches, ex- 
cept in very small areas. In the basin of the tributaries of the east and 
west forks of White River the rainfall in places reached nine or more 
inches during the same period. The second reason is, that while the pre- 
cipitation was excessive, yet the heaviest showers of two or three inches, 
coming within a period of a few hours, were sufliciently separated in 
time to permit the “immediate runoff” to pass into the larger streams and 
on to the Ohio River. This was done the more readily inasmuch as the 
gradients of the tributaries of the Ohio in this region are very high. In 
these streams a period of a few hours only is needed to carry off an 
excess of water that in the more level parts of central and northern Indi- 
ana would require almost as many days. 

Two or three excessive rainfalls of this period added greatly to the 
destructive erosion of the steep hillsides, where unprotected by forest 
growth or other vegetation. The soil of these slopes, loosened by the 
winter’s frost and in too many cases entirely without protection, was 
swept away by the hundreds and thousands of tons. Along with the 
finer materials much gravel and small stones were deposited over the valu- 
able bottom lands along the larger streams, adding greatly to this destruc- 
tive work which has taken place during every great flood since the for- 
ests were removed from the hills. 

The flood of the Ohio River during early April, resulting from the 


rains of March, was not the greatest known, being exceeded by that of 


58 


1884. That of March, 1918, however, was noted especially in two respects. 
yiz: the remarkable rapidity of its rise, and the very great quantity of 
sediment carried. 

From ten days to two weeks are usually required for the Ohio River 
to reach a flood stage such as that of March, 1913, but in that case such 
was the rapidity of the rise, that flood stage was reached in four or five 
days. Because of the unusually rapid rise there was a destruction of 


movable property much greater than ordinarily occurs. 


Slide Coverinz Madison and Hanover Pike. 


The deposits left on the bottom lands of the Ohio by the floods of last 
March were by far the greatest known. In many places the silt or mud 
was laid down to the depth of six, eight, and even twelve inches. The im- 
mediate effect of this deposit was the complete destrnction of all wheat and 
alfalfa growing in the bottoms below high water mark, where covered with 
flood waters for several days. In many of the Ohio bottoms alfalfa is one 
of the most valuable crops and its destruction was a serious loss to the 


farmers. Where the soil could be broken and cultivated all the bottom 
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lands, whether previously sown to wheat or alfalfa, were plowed and 
planted in corn. Where the deposits were eight to twelve inches, however, 
and in some cases even of less depth, it was found to be impossible to get 
the soil in condition for a crop in 1913, a winter’s freezing and thawing be- 
ing necessary to produce the proper texture in the soil for the cultivation 
and production of a crop. The materials, soil and silt, left by the 1913 
flood, like all those of more recent years, are found to be not nearly so 
fertile as were the deposits of the past, when much of the basin of the 
Ghio was stil! largely forested. 


Landslide on Steep Hillside Upon Which Tobacco Had Been Grown. This Picture Shows a Great 
Mass of Soil, ete., Heaped Up Below the Break. 


The most important results of the very unusual precipitation of last 
March, on the steep slopcs of the Ohio and its tributaries in southeastern 
Indiana, from a geological standpoint and probably from an -economie also, 
Was the very grenc number and size of the landslides. Those occurring as 
a result of the rains of last March were tenfoid more numerous: than those 
following any heavy rains of the past. Every few hundred yards along 
the slopes facing the Ohio and its larger tributaries, these slides occurred. 
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In some places great cracks extending for several hundreds of feet were 
formed in the earth, and the soil moved a few feet only. In other places 
hundreds of tons of soil broke away to the depth of from three to five or 
six fect, snd moved to more gentle slopes below, leaving a great tangle of 
soil. roots, branches and trunks of small trees in huge mounds. Valuable 
tobacco or other lands were rendered unfit for cultivation, or roadways 
were so completely covered that the use of dynamite alone could remove 


the material and open the roads for traffic. 


Slide Covering One-half Acre on a Slope Covered with Growth of Small Trees. 


In other cases the slides began well up the slopes and continued to the 
bottom of the valley, carrying hundreds of tons of rocks, soil, and vege- 
table debris. The slides were fully as frequent on the forested slopes 
where the larger trees had been removed, and only shrubs and small trees 
remained, as on the hillsides covered with blue grass. In a few cases it 
Was noticed that a black walnut or a white oak, although not more than 
a foot in diameter, was able to hold the soil even in the midst of a com- 


paratively large landslide. The large tap roots of these trees extended far 
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below the materials loosened, and hence held their positions and the soil 
embraced by them. 

Very much more extensive than the slides themselves was the creep of 
the hillside soils. The effect of the creep was the removal of thousands 
of tons of soil on a single slope to the distance of a few inches or a foot or 
so down the slope. 

The one great lesson taught by the excessive rainfall of March, 1913, 
so far as the steep slopes of southeastern Indiana are concerned, is that 


Extensive Slide on a Steep Slope Covered with Blue Grass Sod. 


the only adequate protection against disastrous soil loss is in the refor- 
estation of such localities with the larger varieties of trees. The plant- 
ing of such trees as the black walnut and the white oak and others with 
very large tap roots is especially desirable. 
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Tuer WasBasH RIvER FLoop oF 19138, aT Larayertes, IND. 
R. L. Sackerr. 


The principal factors affecting the flood discharge of rivers in cubic feet 
per second per square mile are: 
The duration and intensity of rainfall. 
The topography of the watershed. 
The geology of the watershed. 
Temperature and condition of the soil and surface. 
Presence of lakes. 
Slope and general character of the channel. 


Data has not yet been collected so carefully and for long enough periods 
to permit predicting flood stages with any accuracy. 

Tiefenbacher gives the following estimate of the flood discharge of Euro- 
pean streams in cubic feet per second (See Ency. Brit., Eleventh Ed., Vol. 
IM oe 

In flat country 8.7 to 12.5 cubic feet second per square mile. 

In hilly country 17.5 to 22.5 cubic feet second per square mile. 

In moderately mountainous districts 36.2 to 45.0 cubic feet second 
per square mile. 

In very mountainous districts 50 to 75 cubic feet second per square 


mile. 


Various formulas have been proposed to express the maximum flood flow 
such as 
O’Connell proposed, Q equals K! M where K varies ‘from 0.43 for small 
rivers draining meadow land”’ to 67.5 for the Danube. 
Q is the discharge in cubic feet per second. 


M is the area in square miles. 


Fanning proposed, Q equals 200 M for New England Rivers. 


M 
Dredge gives, Q equal 1300 —— where L is the length of the catch- 
L 


ment area in miles. - 


Colt 
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Kuichling plotted available data and derived the following formulas: 
rh ( 44000 
~ iwe-+170 

( 127000 


and Q -- |= 
lM + 370 


+ 20,} M, for floods exceeded occasionally; 


aa oa M, for floods exceeded rarely. 


In U.S. Geolog. Survey Bulletin No. 147, 


( 46790 ) 
Q = | ———— } 15d | M, is proposed. 
LM + 320 J 
Many other formulas have been proposed and are given in a paper by Mr. 
Fuller in the Trans. Amer. Soc. C. E., Vol. XX XIX, p. 1063. 
When applied to the Wabash they give widely varying results because 
none of them was made for the topographical and meteorological conditions 


which characterize our floods. 
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Fig. 1. Drainage Area of the Wabash River above Lafayette, Ind. 


The following extract from an article by the author in Engineering News, 
April 24, 1913, will explain the conditions causing and accompanying this flood. 

A series of heavy rains, extending over the entire drainage area of the 
Wabash River, commenced March 21 and continued at intervals until March 
26, raising the river to unprecedented heights, causing the loss of many lives 
and the destruction of several million dollars of property. 


Previous floods which did much damage occurred June 11, 1858, August 
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5, 1878, February 17, 1883, and March 15, 1907. The flood of 1913 reached 
a mark 22 inches higher than the record of 1883 at Lafayette, Ind., and ex- 
ceeded all records at Peru and Logansport by as high as 8 feet. The flood of 
1883 was produced at Lafayette by an ice jam which formed about a mile 
below the city. The damage done was due to slack water, while the present 
flood caused the partial destruction of three large steel bridges by extra- 
ordinary erosion of the river bottom in the restricted sections. 

One student lost his life in an attempt to rescue men marooned on the 
Brown-street levee, when the latter washed out on the west of them and the 
bridge fell on the east of them. High water closed the gas works, the two 
water-works pumping stations, the city heating and lighting plant and many 
industries; one light and power plant continued in operation although its 
condensers and pumps were under 7 feet of water. 

The drainage area with its tributaries above Lafayette, as shown in Fig. 
1, includes an area of about 7,300 square miles, of which 400 are in Ohio. The 
whole of this area is in a glaciated area, the depth gradually decreasing east 
of this point until near Logansport, Ind., the bed of the river is in rock. East 
of that point the deposit varies in thickness. 

The drainage area is practically clear of forests and under cultivation. 
The average fall of the river is about 18 inches per mile here and increases 
in the upper portions. There are numerous islands and sand bars which form 
and are swept away in periods of high water. The soil wash is high and the 
loss therefrom is a matter of great moment. The high turbidity is, of course, 
a factor in the erosive action which is so characteristic of the rivers of the 
Mississippi Valley. 

The elevation of the head waters above M. H. T., New York harbor, is 
about 1,000 feet; at Huntington, 699 feet; at Logansport, 583 and at Lafayette, 
500 for low water. 

Rainfall data preliminary to the hydrograph, Fig. 3, are given in Table I. 


TABLE I. RAINFALL DATA OVER WABASH RIVER DRAINAGE AREA. 


(Measured by Experiment Station at Purdue University.) 


Date Inches. 
AVerare annual precipitation. sascciticds =: <\42)enmicielacse crests Br AES eS Se rs Pen se tl) 
Greatest annual precipitation, 1909..................... SOAS SRY GE ACO ORO Roo EOE noo) 
(Greahestamonuhlyapreciploa tioned Une, a0 2: ees my ea nreney = are eats ners niehates Meaty eve eet et neste WBE 
Greatest precipitation in twenty-four hours, August 12, 1912..................-..--....-- sae 230 
ikea kK ep w he Beata i. hace midaRaeee com ods pac ter era ee Ca Spee EHD oa one OCmmnEe Herc. 7.05 


The hydrograph shows a remarkable relationship between rainfall and 
runoff for a watershed of this area—7,300 square miles. From March 1 to 


5—1019 
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March 20 inclusive, only 0.94 inches of rain fell. From Fig. 3 it is apparent 
that according to the government rain gage at Purdue, and a private gage, 
about 1 inch of water fell preceding the 23d, enough to thoroughly saturate 
the soil. On the 23d, 1.75 inches of rain fell; another inch on the 24th; 1.35 
on the 25th-26th and snow on the 26th, which did not immediately melt. 
While there are no other rain gages on the watershed above this point from 
which records were obtainable, it is quite probable that the diagram repre- 
sents average conditions. (See Table in Engineering News, April 3,1913, 
p. 381.) 

The daily maximum temperature during the flood period is also shown 
on Fig. 3. While there had been no snow the saturated condition of the ground, 
which was free from frost, the temperature and the distribution of rainfall 
caused the highest known stage of the river. ‘ 

Gagings of the Wabash River here have been made by students at Purdue 
University for several years and by the Weather Bureau and U. 8. Geo- 
logical Survey. 


From these we find the following greatest annual discharge: 


Date. Maz. for Year in Cu. Ft. per Sec. 

OOH Van cheater sash te teste sah see 70,000 (estimated. ) 

1907. larch alo. = hemes sm eo iy Peek 15 00) 

TOUS Mienchiascsans fee so cece te UW) 

1909, February 25....... tO ee re: 44,000 

LOUO aMUAT yo Oe asa waco -22 .2~ 49000 

LOL J ANUALV SL Oe ct ae bee eee tee 31,000 

io be iol 0110 eae ye ie ae Pr ay) 0.0) 

LOS eis OhiecOpektre wel cm ivarb ons ater 95,400 (including flow over levee.) 


From the above data it is evident that the flood of 1913 was greater than 
any other recent one. 

The maximum flood rate at Lafayette was less than 20 cubic feet per 
second per square mile. For Logansport, the flood of 1904 gave less than 20 
cubic feet per second per square mile. 

These are low rates and as the rainfall did not average as great as has 
been recorded for equal areas otherwheres it was not a flood which would 
occur only once in a hundred years, but may be expected more frequently 


than that. 


*Norr.—A more extended investigation of the flood gagings indicates that the maximum dis- 
charge may have reached 130,000 cubie feet per second. 
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LAFAYETTE 


Fig. 2. The Three Bridges Across the Wabash at Lafayette. 
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Hydrograph of the Wabash River, Lafayette, Ind., March 20-April 2, 1913. 
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From the data so far available for floods in the Ohio River Valley, Fuller 
proposes as the maximum 24 hour flow: 

Q equals 150 M, where M is the catchment area in square miles and Q is 
total cubic feet per second. 

As a result the maximum expected flood flow here would be 180,000 cubic 
feet per second. 

The average flood is given as, Q equals 75 M, which equals the recorded 
discharge of last March. 

Another method of discussing the question of future floods is by their 
expected frequency. For those eastern streams where data has been col- 
lected for some time it appears that a flood of twice the average flood dis- 


charge may be expected about once in 40 years. 
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THE SELECTIVE ACTION OF GENTIAN VIOLET IN BACTE- 
RIOLOGICAL ANALYSIS. 


C. M. Himuiarp. 


In 1912 Churchman! reported a new differential test for the Schizomycetes, 
depending upon the selective bactericidal action of gentian violet. The action 
of this stain in high dilution upon various organisms planted in media con- 
taining the dye was found to correspond closely to the Gram staining reaction, 
the forms inhibited—‘“‘violet positive’’—being in the majority of cases forms 
that retain the stain; those growing—“‘violet negative’’—usually being strains 
that decolorize when treated by the Gram method. His actual results on 


318 different strains of bacteria are shown in the following table: 


318 Strains. Gram positive. Violet positive. Violet negative. 
182 165 (90%) 17 (10%) 
Gram negative. 
136 15 (11%) 121 (89%) 


The characteristic behavior of bacteria cultivated in the presence of the 
dye in high dilution (1:100,000) is ‘‘so constant and clear cut that it must be 
regarded as a fundamental biological characteristic.’’ The Gram stain has 
ever been an unsatisfactory test with certain groups of organisms, especially 
the Coccacer. Differences in the age of the cultures, time of application of 
the various reagents, and the temperature may influence the result. It is 
sometimes extremely difficult to interpret the result of the stain as, some 
individual cells will retain the stain and others in the same field or even in 
the same chain as contiguous cells will have decolorized. As an instance of 
discrepancy in interpretation of results we may cite Kligler’s work? who by 
the same method (Churchman’s) recorded 13 of 17 strains of saprophytic 
cocci as certainly Gram negative, while four stained uncertainly, as opposed 
to Churchman’s recording of all 17 strains as Gram positive. In my own work 
on 240 strains of streptococci I found 21 to stain irregularly and occasionally 
successive stains of the same culture at different times would give totally 


1Jour. of Exp. Med., Vol. XVI, No. 2, p. 221. 
2 Jour. of Exp. Med., Vol. XVII, No. 6, p. 653. 
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opposite results. The violet reaction is in striking contrast to this “‘notori- 
ously uncertain’’ staining test and though not assuming to be a parallel or 
substitute test, it is a valuable differential reaction. 

Work on various other staining agents has shown many to exhibit a defi- 
nite selective inhibitive action. The Conradi-Drigalski medium for isolation 
of B. typhosus from water, stools, etc., has as its basis the restraining action 
of the crystal violet towards various cocci and bacilli, without influencing at 
all the growth of the typhoid-colon group. Krumwiede* and Pratt* and 
Churchman® have made observations on the growth of bacteria on media 
containing various closely related aniline dyes and have found their action 
to correspond closely to that of the gentian violet. Smith® has shown the 
violet test to be specific for certain of the phytopathological bacteria. 

Aside from the significance of this test as a classificatory feature of great 
value it might be expected to have some practical application in sanitary 
bacteriological analysis, as most of the intestinal bacteria that we presume 
indicate pollution by sewage are Gram negative and, therefore, with few 
exceptions, are violet negative. Many of the common saprophytic bacteria 
found normally in water and in milk are Gram positive and so would in the 
majority of cases fail to grow in the presence of the stain. Churchman in 
his work on the collection at the American Museum of Natural History found 
the following organisms to be Gram negative and with two exceptions also 
violet negative: 

3 strains of B. coli communis. 

5 strains of B. coli communior. 

5 strains of B. paracoli. 

2 strains of B. coli varietas. 

14 strains of B. typhosus. 

18 strains of B. paratyphosus. 

5 strains of Vibrio cholere. 

3 strains of B. dysenteriae. 

5 strains of B. enteritidis. 

3 strains of B. cloaca. 
Curiously enough B. welchii and B. sporogenes, both Gram positive, proved 


to be violet negative. Subtilis, mycoides, megatherium, liodermos, mesentericus 


and many of the saprophytic cocci are violet positive. 


3Ztschr. of Hyg., Vol. XX XIX, p. 283. 
4Proc. N. Y. Path. Soc., Vol. XIII, p. 43. 

5 Jour. Exp. Med., Vol. XVII, No. 4, p. 373. 
6 Phytopathology, Vol. II, No. 5, p. 213. 
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A priori, then, we might expect that the addition of gentian violet to our 
culture media in proper dilution would result in eliminating many saprophytic 
bacteria, still permitting those forms of sewage origin to flourish. If we 
used a sugar medium and added litmus we could still further emphasize the 
colon group, as these are acid-forming organisms. The violet stain partly 
masks the coloration of the litmus indicator, but not sufficiently to make the 
picture of acid fermentation uncertain. 

My work to date has not been extensive enough to warrant any definite 
conclusions, but it is at least suggestive. I have analysed various samples 
of water taken chiefly from the Wabash River, which is rather highly polluted 
at Lafayette. Duplicate plates of proper dilutions have been made of litmus- 
lactose agar and litmus-lactose-violet agar, the latter being the same as the 
former with the exception of the addition of a standardized loop full of 
gentian violet solution to the agar tube just before pouring. The plates have 
been examined after 24 hours incubation at 37° C. The total number of 
organisms growing, the total number of red colonies—acidifers—and the pre- 
sumptive coli colonies growing on the two media have been recorded. The 
suspected coli growths have been ‘‘fished’’ and planted in lactose-peptone-bile 
for confirmation and almost without exception the fermentation of this media 
has checked the presumptive colony growth. 

The colonies on the violet plates appear somewhat smaller and the acid 
production is less distinct. The stain is picked up by the cells so that the 
colonies appear, especially the sub-surface colonies, as distinctly purple 
growths. Viewed under the microscope the cells show a light purple color, 
indicating vital staining. 

So far I have found pretty generally what was expected, viz., that the 
total count is materially reduced on the violet plates but that the number 
of red colonies, and especially of coli, are approximately the same on the two 
media. It has been found possible to plate a larger sample of water and to 
intensify the picture of presumptive pollution by the use of the violet. A 


few typical examples of actual tests will illustrate this: 


Sample. Media. Total counts. Total red. Coli. 
Wabash (polluted) . Wig Abe, aX 15,000 5,000 3, 000 
Tob VeEAS 8, 000 6, O00 6, 000 

NAVEL oes) 0 Wie ie echo Se 10,000 1,800 600 


I dV Ag 3, LOO 1, 100 500 
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Sample. Media. Total counts. Total red. Coli. 
Wialbastieenaseciace ao: Weel bu ve 3,500 2,000 700 
TIGA 5 eA 1,500 1,300 600 

Wiatllo asiinemaapre eer cs: Ibi NGA ak 8, 700 2,600 1,600 
Mie Toe Vi; AS 4, 200 2,000 1,550 

Tap (driven wells). L. L.A. 16 0 0 
1. eee AG 0 0 0 


The last test noted in the above table suggests that the ratio of the count 
on lactose agar with and without the violet present may be a valuable diag- 
nostic feature. Polluted waters show about 50 per cent. reduction of the total 
count on violet media, while unpolluted water containing more of the sapro- 
phytic violet positive organisms show a much greater reduction; 100 per cent. 
in the case of the tap water at Lafayette. Gram stains of centrifuged speci- 
mens of fresh sewage shows the ratio of Gram positive to Gram negative cells 
to be anywhere from 1:5 to 1:100. This does not check the 50 per cent, reduc- 
tion very closely but many factors of a variable nature enter into the two 
tests. The significant point is that the majority of sewage organisms are 
Gram negative and therefore may be expected to be violet negative. 

Further work is being done to determine the quantitative relations of 
pure strains of typhoid and coli studied by this method and to test the effeet 
of attenuation of these forms in relation to the violet when held in suspension 
in water under various conditions of temperature, light, etc. So far the 
results seem to indicate that sojourn of a week or more has no selective inhibi- 
tive effect; in fact, the violet media seems to be favored by the organisms 
after this treatment. 

One interesting point has been brought out by this latter study. In 
working with several strains of coli suspended in water, variation in counts 
on the two media—lactose agar plus violet, and without the violet—was so 
great that I decided to test the individual strains. I found one, No. 41 re- 
ceived from the American Museum of Natural History and thoroughly tested 
by myself, to be absolutely inhibited by the violet stain. A study of the 
culture showed it to be a motile, Gram negative bacillus, fermenting bile 
rather weakly, not liquefying gelatin after ten days, and giving other char- 


acteristics typical of coli. Churchman and Michael’ have described work on 


7 Jour. Exp. Med., Vol. XVI, No. 6, p. 822. 
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B. enteritidis where one form, indistinguishable from the others by any 
morphological, cultural or agglutination characters was singled out neverthe- 
less by this delicate affinity of the violet dye. The observation, he states, 
is an isolated one, but my experience with this colon culture seems to confirm 
the fineness of this selective affinity. 

Although my work is too meagre to warrant any definite conclusions. yet 
it seems to be suggestive, at least, of the value of selective bactericidal or 


bacteriostatic dyes as valuable adjuncts in sanitary bacteriological analysis. 


AN Epipemic oF DiaRRH@A, PRESUMABLY M1ILk-Borne. 


P. A. 'TETRAULT. 


MILK-BORNE EPIDEMICS IN GENERAL. 


Milk-borne epidemics, as a rule, show certain characteristics which dis- 
tinguish them from all other epidemics. 


1. A very sudden outbreak and a gradual decline. 

2. The first cases appear among milk users. 

3. The severity of the outbreak depends on the distribution of the 

infected milk and the amount of infection present in the milk. 

4. The length of the epidemic varies with the period of incubation of 
the disease, the length of time the milk is infected, and con- 
tagiousness of the disease. 

Secondary cases very often occur. 


Ot 


THE DUBLIN EPIDEMIC. 


On August 5, 1913, there broke out in Dublin, N. H., an epidemic of 
diarrhoea exhibiting all of these above-named characteristics. At first the 
outbreak was localized along one milk route, but soon became general and 
spread throughout the entire community. During the first few days of the 
epidemic there was a sudden rise in the number of cases reported and the 
total jumped from a few cases to thirty-one, all of which were in house- 
holds taking milk from this one milkman. 

The Dublin Chemical and Bacteriological Laboratory had been mak- 
ing routine bacteriological tests of all the milk sold in Dublin. On August 
4th the milk from this particular barn was found to be infected with B. 
coli. Up to this time the total count had been very low, with absence of 
coli and streptococci. Immediately a survey of the barn and surround- 
ings was made and the following data collected : 

Two members of the family had had diarrhea on the evening of 
August 3d. One of these persons handled the milk in the milk room. 
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An open privy, which had been overlooked up to this time, was dis- 
covered in the horse stable immediately adjoining the milk room. Flies 
were in great abundance, and it was admitted by a member of the family 
that they were frequently found in the milk room. 

The milk continued to show coli until August Sth, when it cleared up 
entirely. 

THE NATURE OF THE DISEASE. 


The disease showed a very rapid onset accompanied by pain, high tem- 
perature, nausea and vomiting. Diarrhcea always followed. Secondary 
eases were numerous, especially among children. 


THE SPREAD OF THE EPIDEMIC. 


Until about August 12th, all cases occurred along the suspected milk 
route. Over 60 per cent. of these milk users were infected. On that date 
one of the neighbors of an infected household came down with the disease. 
From then on the contagion spread from one family to another, probably 
through contagion, until nearly every home in the community had or had 
had the disease. 

Nothing was done to investigate the causes, although the State Board 
of Health was asked to look over the situation. 

It might be said, to eliminate as many probable causes as possible, that 
the town of Dublin does not have a common water supply. Most of the 
water comes from driven wells or from the lake. Dublin is a summer re- 
sort and everything is done to keep the town in as sanitary a condition as 
possible. 

CONCLUSION. 


The epidemiology of this outbreak has not been studied carefully 
enough to permit us to draw any positive conclusions. I have tried to 
show the relation of the epidemic to the milk infected with coli. The evi- 
dences seem to incriminate the milk, although a positive diagnosis of a 
milk-borne epidemic cannot be reached from the data at hand. 


77 


On THE VERTICAL DISTRIBUTION OF THE PLANKTON IN 
WINONA LAKE. 


GLENWOoD HENRY. 

During the summer of 1912, while studying at the Biological Station 
of Indiana University, I undertook to make a quantitative determination 
of the vertical distribution of the plankton in Winona Lake. A study was 
also made of the significant physical and chemical conditions associated 
with it. The lake was mapped by A. A. Norris (’02), and some of its 
physical features were considered by Juday (’05). 

Winona Lake is a small temperate lake of the deeper type. Its max- 
imum length is 1.4 miles. Its maximum width is 1.2 miles and its maxi- 
mum depth is 81 feet. It is large enough to present all of the usual plank- 
ton problems and small enough te make their study at critical times easily 
possible. All forms taken were determined, at least generically, and their 
abundance estimated. The exact quantitative work was limited to the 
eleveh genera and groups, Ceratiwn, Tribonema, Anabaena, Diaptomus, 
Fragilaria, Microcystis, Lyngbya, Cyclops, Nauplii, Cladocera, and Rotifera. 
The Cladocera were represented by the following forms: Daphnia hyalina, 
Daphnia puler, Daphnia retrocurva, Chydorus, Bosmina, Plewroxus pro- 
curvatus. The following Rotifera were identified: Anuraa cochlearis, An- 
urea aculeata, Notholca longispina, Brachionus pala, and Hexarthra polyp- 
tera. Weekly catches, July 11th to August 13th, were taken of the eleven 
forms at ten levels, ranging from surface to 23 meters. The temperature, 
also the amount of dissolved oxygen, carbon dioxide, and carbonates were 
determined for the different depths. 

I desire to express my thanks to Dr. Will Scott, acting director of the 
Station, for the many courtesies and helpful suggestions extended to me 
tn the collection of the data for this paper. Scott Edwards made the 
temperature observation and G. N. Hoffer determined the dissolved gases. 
To these gentlemen I am under obligation for permission to use these data. 


PHYSICAL CONDITIONS. 
Turbidity. 
The turbidity of the lake was determined by means of a Seechi’s disk. 
The water was clearest on July 24th, when the disk disappeared at 4 m. 
The minimum depth, 2.7 m., occurred several times during the summer. 
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Temperature. 

Temperature readings were made by means of a thermophone, and 
were taken simultaneously with the plankton catches. The temperature of 
the surface water, during the summer, varied from 21° to 26° C. At the bot- 
tom of the lake, only a slight variation ranging from 8.8° C. to 9° C. oc- 
curred. The thermocline was about 6 or 7 m. in thickness. The epilimnion 
was 5.5 m. thick on July 1st; by the middle of August it had descended to 
145m. This descent of the thermocline was associated with the high wind 
and cloudy days of the latter part of August. The average vertical readings 
are given in the accompanying temperature graph. They were taken in 


the deepest part of the lake at various times during the day. 
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Weather. 
The summer of 1912 exhibited very unsettled weather conditions in the 


vicinity of the lake. Strong winds prevailed much of the time, especially 
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during the month of August, and heavy rains often raised the surface of 
the lake several inches above its normal level. The winds, which were gen- 
erally accompanied by cloudy weather, blew the surface of the water into 
waves of considerable magnitude for a small lake, and caused a piling up 
of the surface water on the leeward side. Detailed records cannot be given 
because the only anemometer available was adapted to winds of low veloc- 
ity only, which rendered it useless during the high winds which prevailed. 


Dissolved Gases. 


A study of the dissolved gases revealed the fact that there was suflfici- 
ent carbon dioxide present for photosynthesis, and that oxygen was pres- 
ent in sufficient quantities to support animal life at all depths. At the 
surface of the lake there were 5 ¢.c. of dissolved oxygen per liter; in the 
upper layer of the epilimnion there were 4.25 ¢.c¢. present; in the middle 
of the thermocline 2.35 c¢.c¢., and at the bottom of the lake there was 1.5 
«.¢. of dissolved oxygen per liter of water. 

The carbon dioxide increased from .Sc.c. at the surface to 8.75 ¢. ¢ at 
the bottom. It increased from 2.5¢.c¢. to 5.5¢.¢. from the top to the bot- 


tom of the thermocline. 


METHOD USED IN PLANKTON CATCHES. 


Six stations, position of which are indicated on the outline map, were 
established. They were located in positions which best showed the effect 
of the wind upon the plankton. The depths of the staions yaried from 
7.5 to 23 m. The catches for this report were mostly made at Station 1, 
depth 23 m., the other stations being used as a check upon the results ob- 
tained at that station. Weekly catches were made by the use of a brass 
pump, known in the trade as “The Barnes Hydroject Pump,’ a _ three- 
fourths inch garden hose, and a plankton net, the straining part of which 
was made of No. 20 Dufour bolting cloth. These weekly catches were 
taken respectively at the surface, 1m., 2m., 4m., 6m., 8m., 10m., 14m., 
20m., and 23m. The quantity of water, 10.4 liters, strained for each catch, 
was the amount produced by 50 strokes of the pump. The ordinary count- 
ing method was used to determine the number of organisms. In most cases 
20 per cent. of the material was counted, but all individuals of forms read- 
ily recognized by the naked eye were counted. 
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PLANKTON DISTRIBUTION IN REFERENCE TO THE EPILIMNION, THERMOCLINE, AND 
HYPOLIMNION. 


Seventy-four and six-tenths per cent. of the plankton inhabited the 
epilimnion. The per cent. of the eleven forms studied quantitatively are: 
Rotifera 87.4, Lyngbya 80.7, Ceratium 88.6, Microcystis 76.5, Anabaena 84.8, 
Tribonema 64.3, Nauplii 60.5, Diaptomus 71.2, Fragilaria 76.7, Cyclops 38.8, 
Cladocera 31.6. 

Seventy-three and three-tenths per cent. of the phytoplankton and 83.5 
per cent. of the zooplankton inhabited the epilimnion. 

The thermocline contained 21.8 per cent. of the plankton of the lake. 
The following synopsis gives the per cent. of each of the eleven forms: 
Diaptomus 23.8, Fragilaria 19.5, Cyclops 34.4, Cladocera 40.7, Tribonema 
26.6, Nauplii 18.7, Microcystis 20.8, Anabaena 14.4, Ceratium 10.3, Lyngbya 
18, Rotifera 10.8. Of the zooplankton 12.5 per cent.. and of the phytoplank- 
ton 22.6 per cent. lived in the thermocline. 

The hypolimnion contained 3.5 per cent. of the plankton, 4.3 per cent. of 
the zooplankton, and 3.4 per cent. of the phytoplankton. The per cent. of 
each form in the hypolimnion was: Cladocera 27.7, Cyclops 26.7, Pragilaria 
3.5, Nauplii 20.8, Diaptomus 5, Anabaena .8, Tribonema 9.1, Microcystis 3.2, 
Lyngbya 11, Rotifera 1.7, Ceratium 1.1. 

At 283 m. there were more forms per liter than at 20 m. This was prob- 
ubly due to the presence of some dead organisms that by the loss of activity 
had sunk to the bottom. The end of the hose at 23m. was very close to the 


bottom. 
THE EFFECTS OF PHYSICAL FACTORS UPON DISTRIBUTION. 


The large per cent. of plankton in the epilimnion was due to the pres- 
ence of sunlight and plenty of food. In the upper half (best lighted part) 
of this stratum, there was sufficient carbon dioxide to permit rapid photo- 
synthesis. Apstein (’96) found light to be the most important factor in ex- 
plaining the presence of fifty-six times as much plankton from O-2m. as in 
the remainder of the water. That direct sunlight has a repelling effect upon 
some plankton, was demonstrated by the fact that 53 per cent. inhabited the 
first two meters, while only 12 per cent. lived at the surface, 7. ¢., in the sur- 
face meter. Other factors enter into the explanation of the prolific life in 
the epilimnion. Many organisms were too heavy to sink into the cold 


heavy waters of the thermocline. Juday in his work on the Wisconsin 
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Lakes, determined that the vast amount of algze collecting at the top of the 
thermocline, at certain times, so increased the process of photosynthesis, 
that 300 per cent. oxygen saturation occurred. It is also to be remembered 
that the lowering of the thermocline in August increased the depth of the 
epilimnion one meter. 

Four factors must be taken into consideration in accounting for the 
rapid decrease of organisms below the epilimnion: First, the lower temper- 
ature (20° C. at the top of the thermocline and 9.6° C. at the bottom during 
July, 21.1° C. and 10.7° ©. respectively being the average temperatures for 
August) ; second, the decrease in the amount of oxygen from 4.25 ¢. ¢. per 
liter of water at six meters to 2.50 ¢.c. at the bottom of the thermocline; 
third, the decrease in the amount of food; and, fourth, the limited amount 
of sunlight. 

In the hypolimnion the physical conditions were so uniform that the 


plankton was very evenly distributed in this stratum. 


SEASONAL DISTRIBUTION OF THE PLANKTON. 


Six weeks is too short a time to obtain results of much value concern- 
ing seasonal distribution. However, the data collected indicate the follow- 
ing facts: The plankton, as a whole, increased in amount in August. Cer 
tium, Fragilaria, Microcystis, and Lyngbya increased gradually to August 
13th, the date of the last observation. Diaptomus reached its maximum 
August Ist; Nauwplii and Anabaena on August 8th. The Cladocera and Ro- 
tifera increased rather suddenly in August and were most numerous on the 
date of the last collection. 


THE EFFECTS OF WIND UPON DISTRIBUTION. 


As mentioned earlier in this paper, six stations were established to de- 
termine whether or not the plankton of the whole lake at a given level was 
homogeneous at all times. Repeated catches at different stations under ordi- 
nary conditions indicate that the plankton at the different levels was uni- 
form. 

SUMMARY. 


Oxygen sufficient for respiration occurs at all levels of the lake, and 
probably is not a limiting factor. 
Carbon dioxide was present in sufficient quantities for photosynthesis. 
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The epilimnion contained 74.6 per cent. of the plankton, the thermocline 
21.8 per cent. and the hypolimnion 3.5 per cent. 

Plankton was more abundant in August than in July. 

So far as these observations go, wind has no appreciable effect upon the 
distribution of the plankton. 


EXPLANATION OF FIGURES. 


Figures 1 to 15, inclusive, indicate the distribution of the organisms. 

The numbers at the bottom indicate the date. 

Figure 16 shows graphically the amount of dissolved gases at different 
depths. 


Figure 17 indicates the maximum, minimum, and average temperatures. 
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Wig.11.---Tribonema and Anabaena. 


Tribonema,____Anabaena. — —_——— 


Fig.9.--- Diaptomus. Pig.10.--- Cyclops. 
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Rovicera.——— 


Fig.15.--- Cladocera and Rotifera. 


Cladocera. 


Fig.14.-Diaptomus--Cyolops 


Diaptomus .----Cyclops. 
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A SIMPLE APPARATUS FOR THE STUDY OF PHOTOTROPIC 
RESPONSES IN SEEDLINGS. 


GEO. N. HOFFER. 


The purpose of this apparatus is to determine the minimum quantity of 
light, acting as a lateral stimulus, that will produce a curvature response 
in seedlings of various kinds as well as some of the fungi, such as 
Phycomyces and Pilobolus. 

Any kind of light may be used, but in the comparative studies I use 
direct sunlight. The quantity of light is regulated by opening and closing 
an itis diaphragm with various-sized apertures for definite lengths of time. 

The apparatus is made from a microscope carrying case. As shown in 
the photograph, Fig. 1, the outside attachments are the drawtube and rack 
and pinion of a microscope removed from the base and attached to one side 
of the box. The tube works threugh a hole in the side of the box. The 
opening is made light proof by a velvet collar, Fig. III, VC, glued to the rim 
and held to the tube of the scope by rubber bands. 

Into another hole is fitted a hemispheric, revolving iris diaphragm, Fig’. 
HI, I. This is on the adjacent side of the box close to the microscope and 
cn the same level with the objective of the microscope. <A mirror is at- 
tached to the box to reflect light directly into it through the iris and onto 
the plant. A micrometer eyepiece in the microscope is the index by which 
all of the readings are made. The illumination for the readings is supplied 
by the light which passes through the bottle, Fig. III, K, into a solid glass 
rod, SG, and conducted by the rod to within a half inch of the plane in 
which the plant is held and ends directly opposite to the objective of the 
microscope. This glass rod should be approximately one-half of an inch in 
diameter so as to present a field of sufficient size. 

The bottle contains a saturated solution of bichromate of potassium in 
water. This solution is to absorb the active blue-violet rays of light. The 
glass rod is covered with black tape. Fig. III, T, and the opening into the 
box through which the rod extends is sealed against the admission of light 
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by a velvet collar. A black cardboard collar, Fig. III, BC, slips over the 
bottle and rests upon the platform below the bottle. A piece of white card- 
board on the platform serves as a reflector for the light entering the bottle. 
It is this dull red light which is carried to the objective of the microscope 
and used to make the readings. This light enters only when making the 
readings and has not, in the number of cases tried, produced any stimulus 
that would effect the experiment and alter the response to the normal light 
stimulus. However, I have yet to try experiments on Phalaris. 

The internal construction of the box, Fig. II, consists merely of a ver- 
tical rod on which works a burette clamp. The rod is so placed that a test 
tube containing the plant under study can be adjusted easily into position 
cpposite both the iris and the objective of the microscope. The door of the 
box is fitted with strips of velvet so as to make it light proof. 

To use the apparatus, seedlings are grown in soil, sawdust, etc., in test 
tubes in the dark room. These culture tubes should always be held in a 
vertical position while being adjusted in the box for study. The box is 
“londed” in the dark room and the plants placed so as to be in the field of 
the microscope. The iris is closed and the door of the box is locked. 
Whe plant is then brought into focus using the illumination secured by rais- 
ing the collar, BC, to a suflicient height and thus permitting the reflected 
light to enter the bottle from below. Readings are taken at intervals of 
several minutes before opening the iris in order to be certain that no geo- 
tropic stimuli other than the normal are acting. When no readings are 
being taken the collar rests upon the platform. 

The plant is then laterally stimulated by opening the iris to any de- 
sired size for a definite length of time. The mirror reflects the light 
through the iris onto the plant. 

The microscope is kept covered at all times with a photographer's focus- 
ing cloth. All of the readings are made under this cloth. This prevents 
any light from passing through the microscope and being focused onto the 
plant. 

To record the results a graphic record may be made, using the ordi- 
nates to denote the extent of curvature in spaces on the micrometer eye- 
piece, and the abscissas to denote the time of stimulation, or presentation 
period, the latent period, and the length of time for the completion of the 


response. Figure LV illustrates such a record: 
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Sead ling Tom. 
Temp PLS ANSI. 
AESPONSE ————_ April 20,1913 


PRESENTATION PERIOD 


LATENT PeRiop 


18 20 '!22 24 26 MINUTES 


Fig. IV. Study of Avena sativa. 


The ventilation of the box is unimportant for the short periods required 


for each study. A wet sponge placed inside of the box serves to keep the 


air moist. The temperature of the apparatus can also be recorded and all 


tests made under equitemperatures. 
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Fig. II. Internal View of Apparatus. 


AANAANANAANRAAAAANRARRRRANRARNRREND 
MMU. 


Fig. III. Cross section of the apparatus to show the position of the plant and its relation to the 
microscope and the glass rod; VC, velvet collar sealing the aperture through which the microscope 
works; I, the iris diaphragm; SG, the glass rod; T, tape covering the glass rod to make it light 
proof; P, the plant, BC, the collar which slips over the bottle; K, the bottle containing the saturated 
solution of bichromate of potassium; WC, the white cardboard to reflect light into bottle. 
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wheat and other small grain. The method in brief, consists ae 
outside of the grain by means of a solution of corrosive sublimate in 50 per 
cent. alcohol and then placing the seeds in sterile petri dishes on agar-agal 
This allows germination of the plant embryo when viable. Cultures 
or growths of the fungi surviving internally in the seed develop at the 
same time. The fungi in these cultures can then be identified. 

The results of laboratory tests at the Ohio station “show an amazing 
amount of disease transmission in seed wheat as well as the proof of scab 
infection by both germinating and dead wheat kernels.” <A study of field 
conditions showed “that many seedling wheat plants were killed by the scab 
fungus (Fusarium roseum) conveyed in the seed or retained by the soil.” 
This verified the laboratory conclusions. 

In the report of the botanist of the North Dakota Agricultural Experi- 
ment Station for 1911, Dr. H. L. Bolley concludes from the results of numer- 
ous tests of seeds that “our experiments, taken as a whole, tend to prove 
definitely that the soil is not often materially depleted, but that the deteri- 
oration in yield and quality of grain is more specifically to be assigned to 
troubles caused by internal seed infection and soil infection.” 
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The genera of fungi which Bolley regards as being of pathogenic in- 
terest are Colletotrichum, Fusarium, Helminthosporium, and possibly Mac- 
rosporium. 

In Circular No. 3 of the Purdue University Experiment Station the 
statement is made that “the average (yield of wheat) on the station farm 
for the past twenty-five years has been 28.04 bushels per acre.” This is 
nearly thirteen bushels above the average for the state. 

The question naturally arises, knowing the results obtained elsewhere 
by studies of the internally infecting fungi of seed wheat, whether Indiana 
varieties taken at random from a single locality may be similarly infected? 

Following the method used by T. F. Manns. thirty-four different va- 
rieties of wheat seed were tested by me. I shall summarize briefly the re- 
sults of the test and hold them tentatively against further studies on both 
the wheat plants and seed. 

Of the thirty-four varieties, fourteen were free from fungi of any kind. 
Thirteen of the varieties were found to be infected with a Fusarium. Four 
of the varieties showed an internal Mdcrosporiwm, and three varieties 
showed both a Fusarium and Macrosporium infection. 

The meagerness of these data, however, precludes the formation of any 


definite conclusions, but does indicate a fertile field for study. 
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Pyropotyporus EverHArRTI (HLuIs & Gaui.) MurRILL 
AS A WounpD PaRASITE. 


GEO. N. HOFFER. 


During the fall of 1912 and the spring of this year many observations 
of various species of oaks infected with Pyropolyporus Hverhartii were 
made by my class in forest pathology working in the vicinity of Lafayette, 
Indiana. The finds from the first were very interesting because of consider- 
able deformation of trees of Quercus imbricaria Mich. 

The fungus is reported in Bulletin No. 149 of the Bureau of Plant In- 
dustry. Here it is described as a wound parasite on Quercus marylandica 
Muench., blackjack oak. Murrill describes the fungus as attacking living 
trunks of Quercus nigra and Fagus species. In a recent communication 
G. G. Hedgecock tells me that the fungus is very common in the lower 
Mississippi valley. In Phytopathology, Vol. 2, No. 2, Mr. Hedgecock records 
the hosts for this fungus. The list includes all of the oak species upon 
which I found the fungus with the exception of Quercus alba L. This spe- 
cies is a new host in this locality. 

Plate I shows a number of sporophores from three different hosts. Plate 
II shows the bole of a Quercus imbricaria badly deformed. Large knotty 
erowths have developed and, in the centers of these, sporophores have 
tormed. Plate III shows a sporophore developing on a living tree of Quwer- 
cus veiutina Lamarck. Plate IV shows a stub of a killed tree of Quercus 
alba I. 

The other species upon which the fungus has been found in this vicinity 
are Quercus rubra L. and Quercus macrocarpa Michaux. The effect on these 
trees has been generally the killing of branches of the trees. 

The distribution of the fungus within the state has not been worked 
out. It has been observed by me in Kosciusko County during the past sum- 
mer. The species upon which I found it in this locality was Quercus velu- 
Jind Lam. It was frequently found on both dead and living trees. Wxamin- 
ations of some of the dead trees showed no signs of borer attacks. 

From these observations I believe that the fungus may be of consider- 
able economic importance within the state. 

The photographs from which the plates have been made were taken 
by P. H. Teal, class of 1913, Purdue. Mr. Teal made a study of the fungi 
affecting the oaks in this country as his thesis subject. 
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Plate II. Tree of Quercus imbricaria Attacked by Fungus. 
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Plate III. Sporophores on Quercus velutina. 


Plate IV. Stub of Quercus alba with Fungus. 
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THE Mosses or Monroe County, Inp1ana, II. 


MILDRED NOTHNAGEL AND F. L. PICKETT. 


At the winter meeting of the Indiana Academy of Science in 1912 the 
authors presented a list of the mosses of Monroe County, made up princi- 
pally of fall-fruiting forms. That list appears in the Proceedings for 1912, 
pp. 69-75. In the spring of 1918 the collection and identification of the 
mosses in the neighborhood of Bloomington was resumed. The following 
list is the result of that work and includes fourteen new species, among 
which are representatives of one family and three genera not represented 
in the previous list. 

Material has been prepared, as described in the former paper, and left 
in the herbarium of the Botanical Department of Indiana University. Full 
notes of habitat, time and locality of collection, as well as of condition of 
the specimens, are on tile to make the material of value for comparison. In 
this, as in the previous list, the numbers in parenthesis after each specie in- 
dicate the accession humbers in the herbarium. 

In this list some species are included which were in the former list. 
This has been done to indicate noteworthy differences in time of fruiting, or 
of habitat, and to show the herbarium numbers of such species as were not 
given numbers in the first list. 

To those interested in making permanent collections, the following plan 
for preparing microscopic slides of species for convenient reference and 
examination may be of use. The dissections of leaves from different parts 
of a plant as well as peristome, operculum and calyptra, are mounted in a 
10 per cent. glycerin solution in water for examination. If satisfactory, the 
slide, with the specimens well covered with the dilute glycerin, is carefully 
protected from the dust until the glycerin is concentrated. Then a cover 
glass on which a small piece of glycerin-jelly has been melted is carefully 
placed on the previously warmed slide. Such mounts are very convenient 
for quick reference, and are quite firm if covers at least 22 mm. by 32 mm. 


are used. In the writers’ collections the quick reference to such prepara- 
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tions is further facilitated by giving the slides the same accession numbers 
as the regular herbarium specimens. 

Doubtful specimens have been sent to Dr. A. J. Grout of Brooklyn for 
identification, and due notice given in the list. 
Order. BRYALES. 


Suborder NEMATODONTE%®. 
Family Polytrichacee. 
Polytrichum Commune L. (105). 
P. Ohioense R. & C. (106). 
Suborder ARTH RODONTE-®. 
Family Fissidentacee. 

Fissidens taxifolius (lL.) Hedw. (77). Determined by Dr. Grout. 

Mature spores in late fall and winter. Dark green mats on clay, Huckle- 
berry ravine. Common. 

Family Dicranacee. 

Ditrichum pallidum (Schreb.) Hampe. (111). Mature spores in May. 

Dense yellow-green tufts on clay, dry wooded hillsides, common. 
Family Grimmiacee. 

Grimmia apocarpa (L.) Hedw. (70). Mature spores in March and 
April. On limestone slabs and cliffs forming almost black cushions, abun- 
dant. 

Family TVortulacee. 

Weisia viridula (L.) Hedw. (72). Mature spores in April, abundant. 

Barbula unguiculata (Huds.) Hedw. (103). Spores mature from late 
fall to early spring. 

Family Funariacea. 

Funaria flavicans Mx. (79). Mature spores in April. Rare. 

I’. hygrometrica (LL) Sibth. (101). Mature spores in May. Common. 

Physcomitrium immersum Sulliv. (122). 

Family Bryacea. 

Bryum capillare L. (112). Mature spores in July. Occasional on 
wooded hillsides. 

B. intermedium Brid. (108). Mature spores in May. On limestone 
wall of Oolitic Stone Mills Company’s reservoir. 

Mnium affine Rand. (83). Determined by Dr. Grout. Mature spores 
in April. On damp soil in Huckleberry Ravine. Not common. 
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M. rostratum Schrad. (92). Sterile. tare, on very damp rocks or in 
running water. 
Family Hypnacee. 
Amblystegium fluviatile (Sw.) B. & S. (98). Mature spores in May. 
Light green tufts in running water; common, but rarely found fruiting. 
A. kochii B. & S. (SO). Mature spores in April. Common. Indiana 
University campus. 
A. orthocladon (P. B.) Kindb. (107). Mature spores in May. On stones 
in running water, common. 
A. varium (Hedw.) Lindb. (81, 99). Thin, loose mats with light 
green branches; on soil; common. Mature spores in April. 
Family Leucodontacee. 
Forsstroemia trichomitria (Hedw.) Lindb. (119). High on living 
Juglans cinerea near I. U. water-works reservoir. Mature spores from late 
summer to midwinter. 


Indiana University Botanical Laboratory. 


ee 
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EcoLogicaAL Notes ON CERTAIN WHITE RiveR ALG. 


PAUL WEATHERWAX. 


During the summer of 1913, while assisting in a sanitary survey* of the 
West Fork of White River, the writer took advantage of the opportunity to 
make a study of the alge in the stream. The work was begun at Martins- 
ville, Ind., near the close of June, and ended at Mt. Carmel, Il., about the 
middle of September, more or less hurried investigations being made along 
the river near several of the larger towns. 

Only such forms were considered as were present in quantities suffici- 
ent to be conspicuous to the unaided eye, no attempt being made to secure 
specimens by filtration. The striking condition was the general scarcity 
of alge, especially along the lower part of the river. 

For four or five miles in the neighborhood of Martinsville the shallow 
parts of the river were choked with a growth of Cladophora glomerata Kg. 
and Hydrodictyon utriculatum Roth.; and large masses composed of spe- 
cies of Oscillatoria, Desmids, and Diatoms were continually floating down 
the river. This material had evidently been broken loose from where it had 
grown further up the river or some of its tributaries, for it did not continue 
in a growing condition but eventually broke up and disappeared. The 
Cladophora gradually became less noticeable in the deeper water a few 
miles below Martinsville and was afterwards seen only occasionally and 
in small quantities. The Hydrodictyon was in well-defined locations in 
water that was comparatively quiet, and, although it was rapidly reproduc- 
ing, and the young nets were seen floating even far below Spencer, it appar- 
ently did not find suitable conditions for growth far below Martinsville. 
Spirogyra, Mesocarpus, and Zygnema were found in small quantities in a 
few places, but they were not fruiting and usually showed signs of disinte- 
gration. Numerous species of Diatoms were present in the shallower 
places all along the river. 

* This survey was conducted by the Indiana State Board of Health Water Laboratory. To 


State Water Chemist, Jay A. Craven, I am much indebted for some of the data and other informa- 
tion that have led to the publication of this paper. 
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The scarcity of algze can best be explained by considering the nature 
of the river itself. Along the lower part of the West Fork and the entire 
course after the two branches unite the river follows a meandering course 
through a loose, sandy soil; and, by a gradual process of cutting the bank 
on one side and piling up sandbars on the other, it is continually changing 
its course. Then, along the straight parts of the stream the banks are 
generally steep, and there is little shallow water. When we consider at 
the same time that the current is comparatively swift, it is seen that only 
when the river is at its lowest stage are conditions at all favorable for the 
growth of alge. Moreover, the conditions just preceding these investiga- 
tions had been the worst possible, for the exceptional flood of the preceding 
spring had made such changes in the river bed that several years will be 
required to bring the plant life of the stream back to a normal condition. 

The abrupt disappearance of algal growth just below Martinsville was 
accompanied by an improved sanitary condition of the water. These two 
conditions were due, in part, to a series of long, deep stretches of quiet 
water which acted as septic basins for the polluted water and were also 
too deep for alge. It is probable, too, that the algze above these deep parts 
aided materially in purifying the water by releasing large amounts of 
oxygen which went into solution and hastened the putrefaction of organie 


matter. 
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PAUL WEATHERWAX. 


While some experiments were being made with aleve about the first be 
March, 1913, it was noticed that some Spirogyra that had been kept for tén 
days in distilled water had been attacked by a fungus. Attention was at 
once given to this parasite, which was rapidly destroying the alga. in 
about a week it was producing oospores, thus making possible its identti- 
fication as Aphanomyces phycophilus De Bary. 


1 


This fungus, which is one of the few parasitic forms of the Saprolegnii 
aces, was first described by De Bary in 1860, and as late as 1892 Hum- 
pbiey * noted that it had not yet been reported from America. Since then, 
as far as we have been able to learn, no one has mentioned finding it in 
this country. ** 

It is clear that the plant is a parasite, and, in this instance, it seemed 
confined to the one species of host. As well as could be determined fro 


the sterile filaments the host was Spirogyra dubia Kg. Scattered filamen 


Tt 


of other species of Spirogyra in the same vessel were not attacked, and aill 
attempts to inoculate other species failed. 
The mycelium traverses the algal filament lengthwise, sometimes as 


single thread, but more often as two, side by side. (Fig. 5.) Branch 


into the water. Decomposition of the alga begins soon after the fung1 
attacks it; the chloroplasts draw together into a mass and begin to deca; 
and the cell walls break down. 


eS 


The mycelium is regular in size and shape, sparingly branched and no} 
septate except where reproducing. The diameter of the filaments is fro’ 


© to 16 microns; the branches are usually as large as the main filaments. 
* James Ellis Humphrey, The Saprolegniacee of the United States. | 
** Since writing this article attention has been called to a set of unpublished drawings made by 
Prof. D. M. Mottier, of an unidentified funeus that he found in 1893. These drawings and the loca- 
tion in which the fungus was found indicate very clearly that it was the same species as the one 
herein described. 
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Aphanomyces phycophilus. 
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The protoplasm in all parts of the plant is gray, and of a coarse, gran- 
ular nature. 

The mycelium evidently meets with some resistance in passing from 
cell to cell of the host, for at these places it is often more or less knotted 
or bent, always on the same side of the cell wall with reference to the direc- 
tion of growth in the filament, as if it had not been able to penetrate the 
cross wall immediately. (Fig. 6.) These penetrations of the cross wall 
are seldom through the center, but usually far to one side of the filament. 

The plant is described as producing zoospores in long slender sporangia, 
but, in this case, no asexual spores of any kind were observed. Oospores, 
however. were produced in abundance by the union of gametes which, in 
no case, were found to arise from the same filament. 

The sex organs arise as the enlarged ends of short lateral branches of 
the mycelium and usually apply themselves to each other very early. (Fig. 
1.) The oogonium immediately develops rather large, Conical projections 
all over its surface. (Fig. 2.) The antheridium remains small, club- 
shaped, and nearly transparent even to maturity. 

The conjugating tube is formed when the oogonium is still voung and 
before all its oily content has been organized into the egg. (Fig.3.) At 
about this time the oogonium is cut off by a cross wall, but, to all appear- 
ances, the antheridium remains continuous with the rest of the mycelium. 

The mature oospore is about 36 microns in diameter; the spines are 
from 5 to 8 microns in length. (Fig 4.) The heavy wall of the spore, 3 
to 4 microns in thickness, is a very serviceable adaptation for enabling the 
plant to live through conditions unfavorable for its growth. 


The writer is indebted to Professors Mottier and Van Hook for assist- 
ance in indentifying this fungus and for valuable suggestions as to methods 
of studying it. 
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INHERITANCE OF THE LENGTH OF LIFE IN DROSOPHILA 
AMPELOPHILA. 


Roscor R. HYDE. 


1. INTRODUCTION. 

I have been experimenting with two different strains of the fruit fly 
that differ to a marked degree with respect to the length of life. The 
first or Inbred stock lives an average of about 37 days. The second or 
Truneate stock lives an average of about 21 days. In both stocks the aver- 
age life of the male is somewhat longer than that of the female. It is the 
purpose of this paper to show the behavior of the shortened length of life 
of the Truncates in heredity. The evidence bears especially on the be- 
havior of the IF, and IF. generations that result from crossing the Inbred 
and Truncate stocks. I shall also present evidence that bears on the ques- 
tion as to whether or not any relation exists between the length of life and 
the number of offspring produced by these flies. 

The data upon which this paper is based grew out of a study of fertil- 
ity and sterility in these strains. It was found necessary in connection with 
these studies to keep a careful record of the length of life of the parents. 
This paper is an analysis of that record. The data includes the record 
of S98 individuals that were bred in pairs from September, 1911, to April 
1913. 

The flies were in all cases used as the parents of the next generation 
and consequently bred in pairs. Accordingly a male and a female were in 
each case exposed to exactly the same environmental conditions. It is not 
to be overlooked that the flies live for several weeks, and since the pairs 
were constantly being made up the environmental influences would be 
practically constant. I made it a rule to transfer these flies to new bottles 
eyery ten days. It is necessary to transfer the parents more frequently 
in very warm weather, since offspring will hatch which cannot be distin- 


guished from the parents.* As a matter of fact it is safe to say that in 


*T have had Drosophila ampelophila to complete development from the egg to a fully formed fly 
within seven days at Woods Hole, Mass.. in July, 1913. 
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these experiments not more than 15 per cent. of the transfers were made 
before the tenth day. A census was taken of the parents practically every 
Gay. In a few cases five days may have elapsed before a record was 
entered. In case a fly was dead the sex was noted and recorded. 

This record, then, includes the length of life of the relatively long-lived 
Inbred stock; the short-lived Truncate stock; the hybrid offspring between 
the two stocks and the life of the grandchildren. 


2. ANALYSIS OF THE DATA. 


The curves which follow are plotted from the life records of 898 flies 
which are recorded in Part I and Part II of my Studies on ‘Fertility and 
Sterility in Drosophila ampelophila.’* The length of life is expressed in 
days and is indicated by the abscissa, while the number of individuals is 
in each case expressed by the ordinate. 

Curve A shows the distribution of the mortality of the Inbred stock. 
The curve is drawn from the records of 191 individuals. The average life 
of this lot is 37.4 days. The 94 males lived an average of 40.5 days; 97 
females lived an average of 34.5 days. The males lived six days longer than 
the females. 

Curve B shows the distribution of mortality of the 272 Truneates, the 
average life of which was 21.4 days. The 96 males averaged 26.9 days; the 
176 females 18.5 days. The males of this stock lived 8.4 days longer than 
the females. It is to be noted that the flies of this stock live approximately 
half as long as those of the Inbred stock. 

The hybrid that results from crossing the Truncate and Inbred stocks 
lives longer than either parent, as is brought out in curve C’. For, while 
the parents live 21.4 and 37.4, respectively, the offspring from the cross live 
47 days. This record is based on 42 flies. Thirteen males lived 47.8 days, 
while 29 females lived 46.4 days. The data is too small to base any safe 
conclusion in regard to any difference that may exist in the length of life 
between the male and the female. That the hybrid lives longer than either 
parent is also borne out. by curve C, where a partial record is given 
of 218 flies. The experiment was discontinued after thirty days, at 
the end of which time it was found that only 19 per cent. of the flies had 
died. The mortality in this case corresponds fairly well with the mortality 
in the case as shown in the curve C’, in which seven in 42 died within the 


first thirty days, a mortality of 17 per cent. 


* Journal of Experimental Zoology, 1914. Vol. XVII, Nos. 1 and 2. 
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A study of curves D and E shows that the shortened length of life of 
the Truncates reappears again, and this is true whether the grandchildren 
have descended from the Truncate male or Truncate female. The 128 flies 
cescended from the Truncate grandmother lived an average of 29.5 days. 
The 66 males lived 32.8 days. while 62 females lived 25.9 days. The 89 
flies that descended from the Truncate grandfather lived an average of 
29.3 days. There were 45 males which lived 31.1 days, while 44 females 
lived 27.35 days. 

3. DISCUSSION. 

The foregoing data brings out the fact that when the Truncate stock 
with an average life of 21.4 is crossed to the Inbred stock with an average 
life of 37.4 days, the hybrid that results lives 47 days. If the complex of 
factors or whatever concerned upon which the length of life in these flies 
depends, behaves anything like Mendelian characters in the sense that segre- 
cation and recombination takes place, then we should expect the shortened 
length of life of the Truncates to reappear among the grandchildren. A 
study of the curves verifies the expectation, for the grandchildren live 
an average of only 29.5 days. 

A study of the curves will show in each case three modes which corre- 
spond with three periods of the greatest mortality. The meaning of such 
a phenomenon is obscure, and had the experiment not extended over a long 
period of time I would be inclined to doubt its reality. There is a possi- 
bility, however, that these depression periods correspond with the output 
of the sex products. My experience in isolating eggs day by day laid by 
over 200 females seems to indicate that the eggs are laid in cycles—that is, 
a female begins to lay egzes when two or three days old. Her egg production 
gradually rises to a maximum, and then it declines almost to zero. In fact 
she may cease to lay eggs for a day or two and then a new cycle begins 
which runs the same course, and this in turn is followed by a third. In 
the period when the female ceases to lay eggs she is most likely to die. 
However, if a female survives such a period at the close of the third cycle 
she will as a rule live to a ripe old age, depositing a few eggs occasionally. 
It is barely possible that these mortality periods correspond to the depres- 
sion periods in the egg-laying cycles. It must be admitted however, that 
critical evidence is hard to obtain, since the egg production seems to be 
influenced by several factors. Moreover it is not evident that such an 
explanation applies to the male. 
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4. LENGTH OF LIFE AND PRODUCTIVITY. 


IT shall here analyze the data with respect to the productivity of these 
stocks as determined by breeding in pairs. It is obvious that if a female 
that would give rise to a large number of offspring should for some reason 
meet premature death, there would be a correlation between the length of 
life and the number of offspring produced. The problem, however, is more 
complicated. In the case of the Truncates it is not evident just how much 
such a factor as the shortened length of life enters into the results, for I 
have been able to show that this stock is deficient not only in egg produc- 
tion, but also that marked incompatibility exists between egg and sperm. 

In the following curves, F, G, FE, I, evidence is brought together that 
shows the productivity of the F. Truncates. G. The Inbred. H. The 
Hybrid that results from crossing Ff and G; and I. The I*, generation that 
results from crossing I° and G. 

In these curves vertical distances express the number of pairs, while 
horizontal distances express the number of offspring produced. A glance at 
Curve H, which gives the productivity of the hybrids when the individuals 
expressed by curves F and G are crossed, moves decidedly to the right. 
This is evident despite the fact that the experiment was discontinued at 
the end of thirty days. Curve I expresss the output of the F, gen- 
eration. It is evident that the low production of the Truncates reap- 
pears among the grandchildren. 

This evidence goes to show that the complex upon which productivity 
depends is inherited in the sense that low productivity skips a generation 
when crossed into a high producing strain. In fact the productivity of the 
hybrid fly is greater than the productivity of both parents combined. 1 
have demonstrated in previous studies that the increased productivity on 
the part of the hybrid is not due in this case to the increased fertilizing 
power of the gametes beyond that of the highest producing stock, but is 
due to a greatly increased output of eggs. 

As a matter of fact the fertilizing power of the gametes of the hybrid 
(inter se) is lower than the fertilizing power of the gametes of the high- 
producing parent. It is evident that the low productivity of the Trun- 
cate reappears in the I*, generation and that this holds true in both 


the cross and its reciprocal. 
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5. GENERAL DISCUSSION. 


The following is offered by way of explanation of the foregoing facts. 
Let it be assumed that the complex upon which the length of life of the 
wild fly depends is expressed by the formula AB. The Truncate stock 
arose as a mutation from the wild stock and possibly some factor has 
changed to a. Consequently its formula would be aB. The inbred stock 
had been in captivity for some time, and it is possible that the B had 
changed to b. Its formula would be Ab. On crossing these two stocks a 
hybrid would result, the formula for which is abAB. Consequently in the 
hybrid, normal conditions are restored, and a fly results that lives longer 
than either parent. The same explanation holds in the case of the 
increased egg production to be seen in the hybrid. If this is true we 
should expect to find wild stocks that live about fifty days and with high 
egg production and high fertilizing power of the gametes combined. They 
should be very high producers. The number of factors, however, is not 
looked upon to be as simple as the formula would seem to indicate. In- 
stead of two factors as the formula shows, there may be many hundreds, 
but the principle is the same. The things lost or changed in the germ 
plasm of one stock are compensated in the hybrid by the factors trans- 


mitted by the other stock, and thus normal conditions are restored. 


6. CONCLUSIONS. 

1. Hybrids between the Truncate stock and the Inbred stock are 
more vigorous than either parent as shown by the fact that the hybrid 
lives 47 days while the parents live 21.4 and 37.4 days respectively. 

2. The flies from the Truncate stock live 21.4 days. The females 
live 18.4 while the males live 26.4 days. 

3. The flies from the Inbred stock live 37.4 days. The females live 
24.5 days while the males live 40.5 days. 

4. The shortened length of life of the Truncate stock reappears 
among the grandchildren after skipping a generation when crossed to 
the Inbred stock. The grandchildren lived an average of 29.5 days. 
Those descended from the Truncate grandmother lived 29.5 days. The 
males lived 32.8 days and the females lived 25.9 days. The fiies de- 
scended from the Truncate grandfather lived 29.3 days. The males lived 


351.1 days, while the females lived 27.5 days. 
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5. It seems not improbable that the length of life and the coming to 
maturity of the germ cells may be in some way physiologically connected. 

6. The low productivity of the Truncate skips a generation when 
crossed to a high-producing strain and reappears in the FE, generation. Jt 
is difficult to correlate the length of life in these strains with the number 
of offspring produced, because it is evident from my other studies that 
the fertilizing power of the gametes as well as egg production are involved 


as variable factors in productivity. 
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THE GERMINATION OF SEEDS OF ARISAMA. 


EY i: PicKkErr. 


The corms of Aris@ma triphyllum grown for the study of form and 
development showed great variation in size, and there was a seeming dis- 
crepancy between the number of leaves above ground and the number of 
corms found in the soil after the leaves had withered. Following these 
observations arrangements were made to check up carefully the points 
suggested. 

On December 26, 1912, 900 seeds of Arisema triphyllum were planted 
in rich, loose loam in large clay flower pots and subsequently subjected to 
three sets of conditions as noted below. As leaves appeared above the 
soil they were counted, one to three times per week, until no more ap- 
peared, and a record kept for comparison with the number of corms found 
after the growing season was over. In every case the seeds were care- 
fully washed from the fruit pulp before planting, and when planted were 
covered with sandy loam to a depth of 2 em., this being approximately 
the condition in natura! planting. 

One bunch of 300 seeds was placed in the greenhouse at a tempera- 
ture of 75 to 80 deg. Fahr. immediately after planting. From this plant- 
ing 208 leaves appeared between January 15 and March 19, 1913. No 
leaves appeared after the last date. 

A second bunch of 300 seeds planted as the first, was left in the green- 
house vestibule at a temperature of 50 to 60° Fahr. From this planting 
226 leaves appeared between February 19 and April 25, 1913. No leaves 
appeared after the last date. 

A third bunch of 300 seeds, planted as the first, was placed in a cold 
frame until March 15, 1913, where the temperature fell slightly below the 
freezing point, and was then removed to the greenhouse. From this plant- 
ing 209 leaves appeared. 

In the summer of 1913 when the leaves of the cultures were dead the 
corms were carefully removed and counted. The number of corms and 


the number of leaves from each culture are given below. 
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Lot No. 1 showed 260 corms, 208 leaves, i. e., 52 “blind” corms. ‘Total 

germination 86.6 per cent. 

Lot No. 2 showed 246 corms, 226 leaves, i. e., 20 “blind” corms. Total 

germination 838 per cent. 

Lot No. 3 showed 261 corins, 209 leaves, i. e., 52 ‘blind’ corms. Total 

germination S87 per cent. 

It is not the purpose of this paper to discuss the variations which 
may be due to different temperature conditions, but merely to show the 
high percentage of germination and to indicate the fact that some seeds 
germinate “blindly,” that is, the embryo grows, a corm and roots are 
produced, and food is transferred from seed to corm without the forma- 
tion of leaves or other photosynthetic organ. At the end of the growing 
season the connection with the seed is broken off, leaving the new plant 
independent. 

A glance at the corms from these cultures at onee suggests a differ- 
ence in their food supply and growth. Some are three to six times as 
large as others. While the numbers of large and small corms are not 
exactly the same as the numbers of leafy and leafless plants, they are 
nearly enough so to suggest a relation. 

A similar set of experiments was arranged in which seeds of Aris@ma 
Dracontium were used. The seeds were prepared and planted December 
26, 1912, the same as in the case of A. triphyllum. Wot No. 1 was left 
in the main room of the greenhouse, and showed, between February 6 and 
March $8, 1918, eight leaves. On June 19, 200 corms and 24 seemingly good 
seeds were removed. 

Lot No. 2 was left in the cold-frame from December 26 to March 
15 and then remoyed to the greenhouse. This culture showed eleven 
leaves between April 8 and April 25. On June 20, 179 corms and one 
sound seed were removed. 

Lot No. 3 was left in the greenhouse vestibule until March 12, and 
then removed to the greenhouse. Between April 25 and June 20 four leaves 
appeared, and on the last date 1ST corms were removed. These results 
are tabulated below. 

Lot No. 1. 300 seeds, 8 leaves (2.66 per cent.), 279 (93 per cent.) 

corms and viable seeds. 

Lot No. 8. 200 seeds, 11 leaves (6.11 per cent.), 180 (90 per cent.) 


corms and viable seeds. 


Lot No. 3. 200 seeds, 4 leaves (2 per cent.), 187 (93.5 per cent.) 
corms and viable seeds. 
These corms have been replanted and their further development will 
be reported later. 
Because of the “blind” germination seeming to be the normal thing 


with A. Dracontium, a brief account will be given. 
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The Germination of Seeds of Ariseema. 


One to five seeds are borne in each berry of the aggregate fruit. Hach 
seed is two to three millimeters wide and three to four millimeters long, 
and is composed of a hard testa covering a flinty gelatinous endosperm, in 
which is imbedded the almost straight, cylindrical embryo, Fig. 1. Under 
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proper conditions the seed absorbs water and the embryo lengthens by 
growth both above and below the plumule. The growth of the cotyledon- 
ary petiole is more rapid than that of the radicle, so that the radicle, 
with the plumule, is soon pushed outside the seed coat. The cotyle- 
donary petiole reacts to the stimulus of gravity so that the radicle is soon 
directed downward, Fig. 2. The one cotyledon remains inside the seed as 
an absorbing agent, Fig. +. The radicle grows down rapidly to form a 
primary root. Later one or two other roots may be formed. Immediately 
after the establishment of a root system or water absorbing system, the 
portion just below the plumule becomes enlarged by the storage of food 
stuff transferred from the endosperm of the old seed, Figs. 8 and 4. 

In case the germination is complete, the formation of a root system is 
followed by the growth of the single simple leaf up from the plumule, 
through the cotyledonary petiole to the light, Fig. 6. Usually, however, 
only scales are formed around the bud. In either case, when the food 
material has been absorbed, the tissues connecting seed and seedling 
shrivel up, leaving the young plant independent. After a period of about 
eight weeks from the beginning of germination the corms will be found 
free from the seed and with the roots detached and broken down, all 
ready for a period of rest, Fig. 5. 

It may be of interest to note that 1. Dracontium gives other evidence 
of incomplete response to seasonal changes. During the summer of 1913 
the corms of a considerable colony were dug up for experimental pur- 
poses. Although these corms were scattered in the soil but a few inches 
apart, and some had shown very vigorous growth of stem and leaves, 
about half of them had made no start toward growth. The conditions 
were certainly the same for all individuals of the colony, and were good, 
as shown by the growth just mentioned. Whether this plant is subject 
to definite periodicity requiring more than the usual rest season, or is 
controlled by some as yet unconsidered influence, can only be left a 


question. 
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STUDIES OF CAMPTOSORUS RHIZOPHYLLUS, AN ABSTRACT 
oF THE DEVELOPMENT OF THE PROTHALLIUM OF 
CAMPTOSORUS RHIZOPHYLLUS,* AND THE 
RESISTANCE OF THE PROTHALLIA OF 
CAMPTOSORUS RHIZOPHYLLUS 
TO DESICCATION. T 
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As is well known the Walking Fern, Camptosorus rhizophyllus, is 
found chiefly on rocky ledges in more or less shaded places, where the 
water supply is irregular and slight at all times. The colonies in the 
neighborhood of Bloomington, Ind., have abundant water supply only at 
times of heavy rain and of course enjoy such supplies for but brief periods. 
The fact that this fern could not only withstand the many longer or 
shorter periods of drought but could multiply in the regular way under 
such conditions suggested the probability of some special structural or 
physiological adaptation. The scheme for vegetative increase by means of 
stoloniferous leaves is well known and gives the plant its specific name. 
But the presence of many small plants which could not have had such 
origin and so must have been produced through the production of the 
prothallial or sexual stage, along with the fact that the prothallia of 
many of our ferns cannot survive the lack of a normal supply of moisture 
for more than a few hours, suggested another possible adaptation as well 
as a point of attacking the problem. 

Cultures were made of sowing spores on sterilized soil in clay saucers 
protected under bell jars. Both the peculiarities of form and the resist- 
ance to desiccation were studied. 

The following peculiarities of form and development have been noted. 
The development of a plate of cells is not uniform, beginning sometimes 
immediately after the germination of the spore and at other times not 

*Bot. Gaz., 57: 228-238, Mar., 1914. 
+ Bull. Torr. Bot. Club, 40: 641-645, Nov., 1913. 
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until a protonemal thread of two to five cells has been formed. The differ- 
entiation of an apical cell or group is late and irregular, resulting in un- 
symmetrical growth. The marginal cells show unusual growth, produc- 
ing variously formed outgrowths, sometimes bearing antheridia and oc- 
easionally producing extra growing regions which may even become inde- 
pendent proliferations. 

With reference to drought resistance the following facts have been 
noted: Allowing a culture to become dry for one or two days in the normal 
air of the greenhouse seems in no way to injure the plants beyond check- 
ing growth during the dry period. One culture left in dry air with slight 
additions of water once a week showed nearly all the prothallia alive and 
in good condition after a period of three months. The major part of the 
plants of another culture are in good shape and have produced a number 
of sporophytes although subjected to such irregular moisture conditions 
for a period of nine months. In a culture receiving only air which had 
been dried by passing through pure glycerine. most of the prothallia were 
in good condition after four weeks and a few survived such treatment for 
a period of six weeks. 

In conclusion, the two specially important adaptive features are, the 
unusual power of promiscuous growth of prothallial cells, and the ability 


to resist extreme desiccation in intermittent periods. 
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IrisH Potato ScaB (OOSPORA SCABIES) AS AFFECTED BY 
FERTILIZERS CONTAINING SULPHATES AND 
(CHLORIDES. 


S. D. CONNER. 


In the spring of 1911 a pot experiment with Irish potatoes was started 
at the Purdue Experiment Station by the author. It was the intention to 
investigate the composition and quality of potatoes grown in several types 
of soil with different fertilizers, the ordinary silt loam of the station farm 
being the principal soil used. Peat and sandy soils were also used, as 
well as eight pots containing pure silica sand. The principal fertilizers 
studied were sulphate of potash and chloride of potash. Two varieties of 
potatoes were used, Early Ohio, one of the best early varieties, and 
Carmen No. 3, a good late variety. 

The experiment was not planned to cover an investigation of potato 
scab, although this development of the research may be one of the most 
significant features noted. The seed potatoes planted the first year did 
not show any scabbiness and no attempt was made to prevent it. When 
the potatoes were harvested, however, it was seen that formalin should 
have been used, as the crop was badly affected by the scab fungus Oospora 
scabies. The scab was very much worse in the brown peat than in the 
other soils, as will be seen from Fig I. There was also a slightly greater 
amount of scab in the pots where chloride of potash was used than there 
was where sulphate was used, the unfertilized pots being affected the 
worst of all. In 1912, to prevent scab the seed potatoes were all treated 
with formalin and one-half the pots, which are in duplicate, were given 
an application of flowers of sulphur, which is a treatment that has been 
reported as a success by certain investigators.* No great differences as to 
scabbiness were seen in the crop of 1912, and photographs were not taken. 

In 1913 the seed potatoes were again treated with formalin, but no 
sulphur was added. When the potatoes were harvested this year a sur- 


*B. D. Halsted, Bul. 112, N. J. Agr. Exp. Sta.; also Bul. 120 N. J. Exp. Sta. 


(RISH POTATO SCAB WITH VARIOUS SOTL’ AND FERTPLIZER © 
LOAMSOIL SANDY $OIL MUCK MUCK 


BROWN BLAGK 
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BLOOUL;ACID PHOS. 
SULFATE POTASH 


BLOOD, AGid PHOS. 


MURIATE POTASH 


Fig. I. Potatoes Grown in Pots, 1911. Various Soils and Fertilizers Affecting Scab. 


Fig. II. Potatoes Grown in Pots, 1913. Loam Soil. Very Little Seab. See Table I, for Treatment. 
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Fig. IV. Potatoes Grown in Pots, 1913. 


Sandy Soil. 


See Table I, for Treatment Affecting Scab. 
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prisingly large amount of scab was noted. The soil, the treatment, and 
the approximate percentage of scabbiness are given in Table I and photo- 
graphs of the early potatoes are shown in Figs. II, IIlI, and IV. 

As the seed potatoes had been treated it is evident that the scab spores 
had lived over the winter in the pots which were left out in the ground. 
It appears that very little scab had survived the climate and soil condi 
tions in the loam soil, while in the soils of more open texture such as 
peat and sand, the spores had been able to survive. 

The unfertilized soils in most cases ave affected to the greatest extent. 
In every case flowers of sulphur, which had been applied in 1912, has had 
a deterrent effect in the development of scab. In the fertilizer treatment 
sulphates have kept the scab down while the chloride has apparently en- 
couraged it. 

The yariations noted in the amount of scab on the potatoes grown in 
silica sand merit special attention, as in these pots all factors except soil 
treatment have been eliminated and there are four pots which have not 
had chloride in any form either in the original sand (the soils all have 
more or less chlorine naturally) or in any treatment. The sulphur factor 
was more nearly controlled in these pots than in the soil pots as di-calcic 
phosphate was used in 1913 in place of acid phosphate. Acid phosphate 
which contains more or less calcium sulphate was used in all soil pots 
that were fertilized; it was also used the first season in the silica sand 
pots, and it was necessary that some sulphate should be added as a plant 
food. The treatment of each pot and the amount of scab on the potatoes 
grown in silica are shown in Table II. Fig. V is a photographic reproduc- 
tion of all the potatoes grown in the silica pots in 1918. It will be noted 
from the accompanying table and illustrations that sulphur has had a 
marked influence in reducing scab, but that sulphates have not. On the 
other hand, wherever chloride has been added either with or without sul- 
phates very much scab was always present. This seems to indicate that 
chlorides are needed in the development of the scab fungus. The fact 
that chlorides are present in quite large amounts in soils, especially those 
near the sea coast, may account for the fact that chlorides have not been 
found to increase scab in experiments where such effects were noted.* 


*H.J. Wheeler and G. M. Tucker, Bul. 40, R. I. Exp. Sta.; also G. E. Stone, 20th Ann. Rep, 
Mass. Agr. Exp. Sta., 1908. ; 
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Fig. V. Potatoes Grown in Pots, 1913. Silica Sand. See Table II, or Treatments Affecting Scab. 
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TABLE I. 


Potato ScaB {Oosrpora Scares) Pot Curtrurss, 1913. 


Kxind of Soil. 


Treatment of Soil. 


INONC eon rc ce sae c eee eke 

NUP" KeSOase eer eae eee 

Silt NiP eC scan eee eee te 
Loam. INOUE 23225) Sea ce onion as sulfur 
INP RaS Odea arse, sulfur 

INSPAR Clot eres ee eos sulfur 

INQHE Tce ect ee. Sie sulfur 

pote NP K;80...............sulfur 
; IN CPOE is & ci centcen mek sulfur 
Black Rp ra are yen ae 
ed INGPRsOayecaas oa. ae oer sulfur 
IN PICS ee wen x ease sulfur 

IN ONO Nae yp coleniaeeres hee peewee ots 

INGER GS On. tetera tikes 

Sandy 1s fel 281 CC) a ee oo oc oiaia ie ae 
Soil. INGNO seach ce rene oh aes SON 
In gl eld Sts OF eee a ae sulfur 

INE Cr Sie Alok ete re SULLY 


Early Ohio Variety. 


Carmen No. 3 Variety. 


Pot No. Per Cent. 
of Seab. 
17 1 
18 1 
19 1 
23 3 
24 1 
25 1 
29 60 
30 15 
31 25 
55 50 
56 3 
57 15 
35 80 
336 65 
37 75 
41 28 
42 20 
43 24 


N = 7 gr. dried blood + 6.7 gr. nitrat soda per pot. 
P = 12.8 er. acid phosphate per pot. 


K.SO, = 3.6 gr. sulphate of potash per pot. 


K Cl = 3.6 gr. chloride of potash per pot. 


Sulfur = 8 gr. sulfur per pot. 


DoE NG. Per Cent. 

of Seab. 
20 0 
21 0 
22 2 
26 1 
27 0 
28 1 
32 5 
33 10 
34 15 
58 1 
59 3 
60 | 5 
38 | 30 
39 50 
40 50 
44 3 
45 3 
46 


Per cent. of scab is an approximation of the surface of the tubers affected. 


TABLE II. 


Potato ScaB (Oospora ScABIES) IN SmnicA Sanp Port CuLtuREs. 
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Treatment of Soil 
Pot No. 


Per Cent. 


of Seab. 


iN] TD IR ASO ee ay pa ote ahr ance Sei COMA RS EIET rere erties Se aS: Syed eter 47 
INNES: erecta aay Risch) uhh Avseat ao haar wae, wb Wem rcrd tv cistshalas Dest trai inys 48 
N P K2S0, + NasSOy............. ORES SOLAS SOTO CSCO Cee eee 49 
IN} IP INR (O)e, SS INEX GIS ae accotarin See Aes ERS ek ome Rn ee tre ee a Ee 50 
JSP TE TEAST Ga StS ATU ESA oe er fA ah cee Ge Mei ee EO ae 51 
INSP RCH isulfursas choc. dshecsre eicas)s Ted a ae Pa aM eee Toe Ao Se aA Re 52 
NBR BKGS OtetauN 25 O)at=t-s BU tryst ras ears eae sunt eee heels aes Deva oa oe cree teks 53 
NEP KGOSOr--siNaGlaEssulfurs. orks acne perkates eet EIR a ee 54 


N = 7 er. dried blood plus 6.7 gr. nitrate soda per pot. 

P = 5.1 gr. di-ealcic phosphate per pot. 

Kk.SO; = 3.6 gr. sulfate of potash per pot. 

KCl = 3.6 gr. chloride of potash per pot. 

NaSO, = 3.4 gr. sulfate of soda per pot. 

NaCl = 2.8 gr. chloride of soda per pot. 

Sulfur = § gr. per pot or approximately 360 lbs. per acre. 

Ail pots had a treatment of 100 gr. calcium carbonate per pot. 


Early Ohio potatoes treated with formalin were planted. 
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WapasH Strupies. V. A ToroGRaPpHic MAP oF THE 
TERRE Haute AREA. 


CHARLES R. DRYER. 


The west sheet, covering an area about five miles square, was pre- 
sented to the Academy in 1909 and a poor photographic copy of it was 
published in the Proceedings for that year. The east sheet, covering an 
area six by seven miles, is now completed. The two sheets cover a strip 
five to six miles wide north and south and twelve miles long east and 
west extending across the Wabash valley. The original draught and trac- 
ing are on a scale of six inches to the mile and the contour intervals are 
five, ten and twenty feet, according to the relief. The datum planes used 
for the west sheet were the levels of the Vandalia and Big Four railroads. 
After that was completed the United States Geological Survey established 
bench marks in the area which were used for the east sheet, although 
found to be 3.65 feet above those of the west sheet. 

On the east sheet levels were run with a dumpy level along east-west 
lines one mile apart and the intervening spaces were filled in with a hand 
level used on a staff. The levels of the city engineer’s office reduced to 
U.S. G. S. datum, were used wherever available. The work was all done 
by students of the Department of Geography and Geology of the Indiana 
State Normal School. In all about forty different persons worked upon it 
during periods varying from six weeks to thirty-six weeks each. Of 
these Melyin K. Davis and Garl H. Barker became the most proficient, and 
to them was assigned the plotting and final draft of the map. 

The map is not good enough for sewer, drainage or hydraulic work, 
but would be of some yalue for highway and railroad location. For geo- 
graphie and geological purposes it is far better than none. Its final dis- 
placement by a better one will not destroy the values of the experience 
cbtained by its makers or the facility it affords for general field work. 
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CENTER OF AREA AND CENTER OF POPULATION OF 
INDIANA. 


W. A. COGSHALL. 


The center of area and the center of population for the State of Indi- 
ana were determined lately for the Board of State Charities. The pro- 
cess in the determination of the center of area was to draw two lines abt 
right angles across as good a map of the State as could be found, the in- 
tersection falling at the estimated center. The areas of the north and 
south sections were then measured with a planimeter and the east and 
west lines shifted till the two measured the same. The areas on each side 
for north and south line were treated in the same manner and the result 
checked by measurement on several different maps. The intersection of 
these lines is near the village of Traders Point, in Pike Township, Marion 
County. 

The center of population is reaily a problem in center of gravity. It 
is not a point about which the population is equally distributed, but a 
point such that if a map of the State were loaded in proportion to the 
population of each locality, the map could be supported by that point 
and would balance. The population of any one locality is therefore only 
one factor in determining the location of the center, the other factor being 
the distance of such locality from the center. 

In this determination the statistics used were supplied by Mr. Butler 
and consisted of the population of each township of each county. I as- 
sumed that the population would be evenly distributed over the township 
in the cases where no towns existed. Where a township had a large part 
of its population concentrated in a town, I estimated the center of gravity 
of the township accordingly. The distance of these township centers from 
2 pair of arbitrary east-and-west, and north-and-south lines was measured 
on a large scale map. The solution for the center of gravity gave the 
distance of such center from the intersection of the arbitrary lines. This 
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intersection was eleven miles north of Lebanon and the corrections found 
as the result of the computation placed the real center of population in 
Jagle Township, Boone County, about 14 miles southwest of the Station 
of Zionsville. 

It is a remarkable fact that the centers of area and population are so 


close together. 
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THE SHRINKAGE OF PHOTOGRAPHIC PAPER. 


R. R. RAMSEY. 


In mounting some spectrograph prints I was very much chagrined to 
find that they were at different lengths, as if they had been taken on 
different spectographs. ‘These prints had been printed on developing paper, 
developed, washed, dried and then soaked and mounted wet. It had 
liappened that the paper used came in quite large sheets and in cutting 
down fo size it was economical to cut some pieces lengthwise of the paper, 
while other pieces were cut crosswise. Several prints were made and 
the best were selected for mounting. In this chance selection some were 
lengthwise and others were crosswise of the paper. The expansion and 
contraction in the process of developing and washing was different in the 
different directions and it was necessary to make a new set of prints, 
care being taken to have the paper all cut the same way. The mounting 
was done before drying, to prevent excessive expansion. 

I thought it might be of interest to experiment with several brands 
of paper to determine if this fault was found in all brands of paper or 
in this particular brand alone. 

An 8x10-inch plate was exposed to sunlight and then developed, giv- 
ing a very dense film. On the edges millimeter scales were ruled with the 
dividing engine. A space of 20 centimeters was ruled on the long edge 
and a 15 centimeter space on the short edge of the plate. Thus by print- 
ing and developing I had a photograph of the scale, and measurement 
would give the amount of shrinkage or expansion. Five different papers 
were used. All were printed, developed, fixed, and washed in the usual 
manner. After washing, a sample of each brand was mounted on card- 
board. The others were stuck back side to glass and allowed to dry. 
When dried measurements were taken of the length and breadth. Then 
samples of each brand were selected from the unmounted photographs, 
soaked in water and mounted on cardboard. After drying, these were 


also measured. 
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The accompanying table will give the results: 


Dried on Glass. Mounted Wet on Dried, Soaked and Mounted 
PaPER. Cardboard. Wet on Cardboard. 
Length. Breadth. Length. | Breadth. Length. Breadth. 
| 
| 

Darko-Matt........ —.55% —.51% 2239 23% 2.6% 5% 
WelORG ot ele Seccce — 32% — 45% 52% 1.4% 8% 1.8% 
WGLOXAS) 2. Aassd Gene —.2% — 31% 1.6% 3% 1.9% 7% 
IN oy Ops eA F —.075% —.18% 1.8% 3% 2.1% 66% 
PAZ Od Ber ea tee fe tates —.06% —.23% 28% 1.5% 52% 1.8% 


The results show that all brands act very much alike. 


on glass there is a trifle shrinkage. 


When dried 


The mounted photographs show con- 


siderable expansion and in every case a larger amount in one direction 


than in the other. In some cases the per cent. of expansion is ten times 


that in the other direction. 
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AcyL DERIVATIVES OF O-AMINOPHENOL. 


J. H. Ransom anp R. E. Newson. 


In an extended piece of work published some years ago the senior author 
(Amer. Chem. Journ., 23, 1) found that when o-nitro phenylethylearbonate 
was reduced with tin and hydrochloric acid a urethane was obtained, soluble 
in alkalis and evidently having the carbethoxy group attached to nitrogen. 
By modifying the conditions he was able to isolate an isomeric basic material 
in which the carbethoxy group was attached to oxygen. On standing this 
rapidly changed to the urethane. The same urethane was obtained on treat- 
ing o-aminophenol, in ether solution, with chlorcarbonicethylether. A similar 
rearrangement occurs when o-nitro phenylbenzoate is reduced in acid solution 
(Béttscher, Ann. Chem. Pharm., 210, 384). In determining the constitution 
of the oxyphenyl urethane Ransom made the diacyl derivative by using ben- 
zoyl chloride in alkaline solution. He also found that the same substance 
was produced when Béttscher’s benzoyl o-aminophenol was treated with chlor- 
carbonicethylether in alkaline solution. In both cases saponification gave 
benzoic acid and oxyphenylurethane, indicating that in the latter case a 
molecular rearrangement of the diacyl derivative had occurred, so as to leave 
the lighter group attached to nitrogen. Other diacyl derivatives of o-amino- 
phenol were made and in every case the lighter group was found attached to 
the amide nitrogen. If one of the amide hydrogens is first replaced by a 
hydrocarbon radical no rearrangement occurs, but isomeric substances are 
formed when the acyl groups are introduced in reverse order. The same is 
true when the amide and hydroxyl groups are in the meta or para position to 
each other. 

It seemed desirable to determine whether the carboxylester group would 
become attached to nitrogen in the presence of a carbonyl group already 
attached to the same nitrogen; also whether of two carboxyl groups intro- 
duced the lighter one would go to the nitrogen. Finally it seemed of interest 
to determine if rearrangement would occur in case the radicals introduced 
were nearly of the same weight. If the rearrangement did not occur or pro- 
ceeded more slowly than the others it was thought there would be a chance 
of studying more thoroughly the mechanism of the rearrangement. 

10—1019 
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OXYPHEN YLISOAM YLURETHANE. 


O-aminophenol was prepared by the reduction of the nitrophenol. Two 
grams of this were suspended in ether and the calculated amount (2 mol.) of 
chlorcarbonicisoamylether slowly added. The hydrochloride of one molecule 
of the aminophenol precipitated. After filtering, the ether solution was 
evaporated, leaving about two grams of a solid. It crystallized from ligroin 
in white needles melting at 68.5°-69.5°. It is insoluble in cold water and 
acids, but is sparingly soluble in hot water and very soluble in chloroform, 
benzol, alcohol and ether. It is also quite soluble in dilute alkalis and from 
this solution is precipitated by acids thus showing its acid character. 

The same substance was also produced by the reduction, with tin and 
acids, of o-nitrophenylisoamylearbonate made by Ransom’s method (loc. 
cit.). The melting point was the same, and a mixture of the two had the 
same melting point as either. 

Another sample of the nitroisoamylcarbonate was reduced, but as soon 
as the action was complete the product was thrown into a concentrated (1:1) 
solution of potassium hydroxide kept cold in a freezing mixture. This solu- 
tion was quickly extracted with ether and the ether solution dried with solid 
potassium hydroxide. When dry the ether solution was saturated with dry 
hydrochloric acid gas. A voluminous white precipitate separated which was 
filtered out and quickly dried on a porous plate in a desiccator. The melting 
point was 133°-134° and the substance was quite soluble in cold water and 
acids, but alkalis precipitated an oil from the mixture. A small amount of 
this was dissolved in warm water and allowed to stand. Soon an oil separated 
which was extracted with ether. On evaporating the ether a solid remained 
which was soluble in alkalis and had all the properties of the urethane de- 
scribed above. Evidently the substance melting at 133° was the hydrochlor- 
ide of o-aminophenylisoamylearbonate which changed to the urethane on 
being warmed with water. In the dry condition the hydrochloride is 


moderately stable. 


BENZOYL O-OXYPHEN YLISOAMYLURETHANE. 


One and five-tenths grams of the oxyphenylisoamylurethane were dis- 
solved in a slight excess of a 10 per cent. solution of potassium hydroxide, 
and to this was added 0.8 grams (one mol.) of benzoyl chloride. Slowly a 
brown oil separated which solidified in an ice box. After extracting with 


ether and recrystallizing several times from dilute alcohol white needle shaped 
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crystals were obtained which melted at 64°-65.5°. It is insoluble in water, 
dilute acids and alkalis, but soluble in ether, chloroform, benzol, and alcohol. 
0.2591 grams gave 10 c. c. of nitrogen at 22.5° and 748 mm. pressure. This is 
equivalent to 4.39 per cent nitrogen. Calculated for CisH»iNO, equals 4.28 
per cent. 

To one gram of this diacyl derivative 2 c. c. of a 10 per cent. solution of 
alcoholic potash were added. Saponification began at once and when all 
had passed into solution it was acidified and extracted with ether. The 
ether solution was washed with a solution of sodium bicarbonate and the 
ether evaporated. The residue after recrystallization from ligroin melted at 
68.5°-69.5°, and when mixed with the urethane having the same melting point 
no depression of melting point was observed. From the sodium bicarbonate 
solution, on acidifying, benzoic acid separated and was identified in the usual 


way. The result indicates that the benzoyl group was attached to oxygen. 


ACTION OF CHLORCARBONICISOAM YLETHER ON BENZOYL O-AMINOPHENOL. 


Benzoyl o-aminophenol was prepared following the method of Ransom. 
Two grams of this were dissolved in excess of a 10 per cent. solution of potas- 
sium hydroxide and 1.6 grams of chlorcarbonicisoamyl ether slowly added. 
On shaking, an oil slowly separated and this was extracted with ether. From 
the ether an oily residue was obtained which after several recrystallizations 
from alcohol formed a white solid melting at 64°-65.5°. A mixture with the 
supposed isomer had the same melting point. Saponification resulted in the 
production of benzoic acid and the urethane (m. p. 64°-65.5°). Evidently the 
benzoyl group in this, as in the former case, is attached to oxygen and must 


have shifted from its original attachment to nitrogen. 


ACTION OF CHLORCARBONICETH YLETHER ON OXYPHEN YLISOAM YLURETHANE. 


One and one-fourth grams of oxyphenylisoamylurethane were dissolved 
in 4 c. c. of a 10 per cent. solution of potassium hydroxide and to this was 
added 0.7 grams of chlorcarbonicethylether. A heavy red oil separated. 
This was extracted with ether and the ether solution washed successively 
with dilute alkali, dilute acid and water. It was then dried with calcium 
chloride and the ether allowed to evaporate. The oil did not solidify. It 
was distilled under a pressure of 16 mm. at 185°-200°, the distillate soon 


solidifying to a yellow crystalline mass. After several recrystallizations 
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from dilute alcohol the crystals became white and melted at 65°-66°. It is 
insoluble in water, acids and alkalis, but soluble in alcohol. ether, chloro- 


form, and benzol. 


ACTION OF CHLORCARBONICISOAMYLETHER ON OXYPHEN YLETHYLURETHANE. 


The ethylurethane was prepared according to Ransom’s method and two 
grams of it were dissolved in a slight excess of potassium hydroxide. To this 
was added the calculated amount (1 mol.) of chlorcarbonicisoamylether. 
After shaking, a hight yellow oil separated which became darker on standing. 
This was extracted with ether and the ether allowed to evaporate. An oil 
remained which refused to solidify even in a freezing mixture. It was dis- 
tilled under a pressure of 15 mm. at 184°-190°, the distillate solidifying to a 
crystalline mass. After several recrystallizations it became white and melted 
at 65°-66°. It has all the properties of its supposed isomer above described. 
On saponifying some of the impure material two substances were obtained. 
A part melted at 133°-134° and is probably carbonylaminophenol produced 
from the urethane by loss of alcohol. The other part after purification melted 
at 84°-85° and on mixing with oxyphenylethylurethane (m. p. 86-87) the melt- 
ing point was raised slightly. Evidently the carbethoxy group remains at- 
tached to nitrogen and no rearrangement occurs in preparing the diacyl deriv- 
ative by this method. Since the supposed isomer is identical with this, there 
must have been a rearrangement during its preparation in the sense that the 
two carboxyl radicals exchanged places, the lighter changing from oxygen to 
nitrogen. The following equations express the reactions involved and the 
rearrangement that must have occurred in one case. KOCsH,NHCOOC;H), 
+ CICOOC.H; > C:H;OOCOCsHsNHCOOC;Hi, + KCIC:H;OOCOC.H«NH- 
COOC;Hi > C;H1OOCOCs;Hs,NHCOOC.H;. The final product is o-oxy- 


phenylethylurethaneisoamylcarbonate. 


SUMMARY. 


The work here outlined, together with that previously reported, shows 
that when two carboxyl radicals (COOR and COOR,) are introduced into the 
molecule of ortho aminophenol the lighter one becomes attached to the amide 
nitrogen, the position not being influenced by the order in which the groups 
are introduced. And that to accomplish this a molecular rearrangement 
occurs in one case. This is also true when both radicals are carbonyls (COR 


and COR,). In case one radical is carbonyl and the other carboxy] the latter 
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becomes attached to nitrogen without being influenced by the relative weights 
of the entering groups. The hope that the introduction of radicals of nearly 
the same weight (CsH;CO — 105, C;Hi1,COO — 115) would result in the forma- 
tion of isomeric substances was not realized, the velocity of the rearrange- 
ment being almost instantaneous in every case. Consequently the mechan- 
ism of the rearrangement cannot be explained. It is possible that there is 
an equilibrium of the two isomeric forms and that one of them is in large ex- 
cess, but there is little evidence to support this view. Work already begun 


with the orthoaminomercaptans may throw light upon the problem. 


BoILING AND CONDENSING Points oF ALCOHOL-WATER 
MIXTURES. 


P. N. Evans. 


The boiling points of mixtures of alcohol and water depend on the pro- 
portions of the constituents and range from about 70° C. for pure ethyl alcohol 
to 100° C. for pure water. Except at a concentration of about 92 per cent. 
alcohol by weight (about 96 per cent. by volume) any mixture of alcohol and 
water when boiled gives off a vapor of different composition from the liquid, 
the vapor being richer or poorer in alcohol than the liquid when the latter 
contains respectively less or more than 92 per cent. of alcohol. The vapor 
has, of course, a condensing point identical with the true boiling point of the 
liquid from which it is given off. 

The purpose of the work here reported was to ascertain experimentally 
the relation between the boiling point (or condensing point) and the compo- 
sition of both the liquid and vapor phases, so that with the information so 
obtained it would be possible by observation of the corrected boiling point 


to learn the composition of the boiling liquid and of the condensing vapor. 


PROCEDURE. 


The gravity and temperature of a strong alcohol were determined with 
a Westphal balance, and the weight-per cent. of alcohol calculated by means 
of Mendelejeff’s table. Five hundred cubic centimeters were placed in a 
one-liter distilling flask with an accurate thermometer graduated in tenths 
of a degree placed with its bulb just below the side-neck. The liquid was 
then slowly distilled at a uniform rate of about one drop per second until 
15 c. ce. had passed over, the distilling temperature being read when 7.5 ¢. c. 
had collected in the graduated receiver. The per cent. of alcohol in the dis- 
tillate and in the residue was determined from the gravity as before. 

The average of the percentages found in the liquid in the flask before 
and after distillation was taken as that of the liquid phase, and the percentage 
in the distillate as representing the vapor phase at a moment half-way through 


the distillation when the boiling point was observed. 
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The original volume of the liquid in the flask was restored by the addi- 
tion of 15 ¢. c. of water, and the slightly more dilute mixture so obtained 
was used for the next experiment. Forty-three mixtures were investigated 
in this way, ranging from 91 to 0 per cent. of alcohol. 

Corrections were introduced in the temperature readings for the baro- 
metric pressure and for the exposed column of mercury in the thermometer, 
assuming that the barometer effect would be the same as in the case of water 
—an assumption very nearly in accordance with the facts, as shown by the 
tables of Regnault and Classen given in Biedermann’s Chemiker-Kalender. 


RESULTS. 


The temperature results are probably accurate within 0.2 degrees, and 
the concentrations within 2 per cent. 


The results obtained are given in the following table: 
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The last experiment (No. 43) was with water only. 


The relations existing between the boiling point or condensing point and 
the composition of the liquid and vapor phases are shown clearly by the fol- 


lowing plot: 
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A convenient table of results estimated from the curves is here given: 


Weight Per Cent. Alcohol in Weight Per Cent. Alcohol in 
Boiling Point. | Boiling Point. 
Liquid. Vapor. Liquid. Vapor. 
78.2 91 92 86.5 18 71 
78.4 85 89 87.0 17 70 
78.6 82 88 87.5 16 69 
78.8 80 87 88.0 | 15 68 
79.0 78 86 88.5 H 13 67 
79.2 76 85 89.0 | 12 65 
79.4 74 85 89.5 1 63 
79.6 72 84 90.0 10 61 
79.8 69 | 84 90.5 10 59 
80.0 67 83 | 91.0 9 57 
80.2 64 83 | 91.5 8 55 
80.4 62 82 92.0 | 8 53 
80.6 59 82 92.5 - 7 51 
80.8 56 81 93.0 6 49 
81.0 53 81 93.5 6 46 
Sino 50 80 94.0 5 44 
81.4 47 80 94.5 5 42 
81.6 45 80 | 95.0 4 39 
81.8 43 79 | 95.5 4 36 
82.0 41 79 | 96.0 3 33 
82.5 36 78 | 96.5 3 30 
83.0 33 78 || 97.0 2 27 
83.5 30 77 97.5 2 23 
84.0 27 76 | 98.0 1 19 
84.5 25 75 98.5 1 15 
85.0 23 74 99.0 0 10 
85.5 21 73 99.5 0 5 
86.0 20 72 100.0 0 | 0 


The information here given enables one to determine quickly the approxi- 
mate concentration of any aleohol-water mixture by observation of its boil- 
ing point, with corrections for barometric pressure and exposed mercury 
column. The accuracy is, of course, less than by the usual and more difficult 
analytical method of distillation and the determination of the gravity of the 
distillate with a pyknometer. 
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It is also possible to tell the approximate composition of both liquid and 
vapor (or distillate) at any moment during the distillation of a mixture. 
This application has proved interesting in interpreting the behavior of alcohol- 
water mixtures during distillation and partial condensation in the writer’s 
laboratory classes. 

It is the intention to continue the experiments by examining mixtures 
containing over 92 per cent. of alcohol; the observations will require greater 
accuracy, and a differential thermometer graduated in hundredths of a degree 


will be employed. 


Purdue University, 
Lafayette, Ind. 


(Abstract. ) 


ON THE GENERAL SOLUTION AND SO-CALLED SPECIAL 
SOLUTIONS OF LINEAR NoON-HOMOGENEOUS ParR- 
TIAL DIFFERENTIAL EQUATIONS. 


L. L. Stemmiry. 


The integrals of a partial differential equation of the first order were 
first classified by Lagrange, who separated them into three groups, namely, 
the general, the complete, and the singular integrals. For a long time this 
classification was thought to be complete. In fact, Forsyth in his Differen- 
tial Equations, published first in 1885, gives a supposed proof of a theorem 
stating that every solution of such a differential equation is included in one 
or other of the three classes named. This error is also carried through the 
second and third English editions and the two German editions, the last one 
being published in 1912. 

In 1891 Goursat pointed out in his Equations aux derivees partielles du 
premier ordre, that solutions exist which do not belong to any of these three 
classes and showed indeed that the existing theory was not complete even 
for the simplest forms. 

In November, 1906, Forsyth, in his presidential address to the London 
Mathematical Society, emphasized the fact that the theory is incomplete, 
and in his closing remark says: ‘‘It appears to me that there is a very defi- 
nite need for a re-examination and a revision of the accepted classification 
of integrals of equations even of the first order; in the usual establishment of 
the familiar results, too much attention is paid to unspecified form, and too 
little attention is paid to organic character, alike of the equations and of the 
integrals. Also, it appears to me possible that, at least for some classes of 
equations, these special integrals may emerge as degenerate form of some 
semi-general kinds of integrals; but it is even more important that methods 
should be devised for the discovery of these elusive special integrals.” 

Forsyth also in an address delivered by request, at the 4th International 
Congress of Mathematicians, takes advantage of the opportunity offered, to 
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again emphasize the incompleteness of the existing theory of partial differ- 
ential equations of the first order. 

In attacking this problem the logical place to begin is with the simplest 
case, namely, with the linear equation. This is the equation dealt with in 
the paper. It can be written in the form 


n 


zy [sx Xe, ae m)-2[s x, = oe to = 
1 rl 
The restrictions made on this equation are that all common factors have 
been removed from Z, Xs. >. Hara) X,; that there is also a set of values 
of the variables 4, X,, Xo, . . . ., X,in the vicinity of which the func- 
tions X; and & have no branch points and otherwise behave regularly. 
Forsyth, in his treatise on Partial Differential Equations published in 
1906 goes to much labor to give solutions that are examples of the so-called 
special integrals. In the present paper a means is developed by which all 
the elusive special integrals can be readily determined and a new and com- 


plete classification is given of all the integrals of the equation. 
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A MopIFfieEp PERMEAMETER. 


Epwin Morrison anp B. D. Morris. 


In his work on the Magnetic Induction in Iron and Other Metals, Ewing 
briefly describes a permeameter. (See page 247, Art. 148.) The instrument 
is for the purpose of determining the magnetisation of a metal by means of 
the tractive force. In Ewing’s work the permeameter method constitutes 
the fourth method of measuring the magnetic properties of a metal, that of 


the ballistic, the direct magnetometric, and the optical methods having been 


Big block 
of Tron 


Wires that 
bring the 


Electric current 


Fig. 130, 


previously described. After describing the apparatus and developing the 
equations the author closes his discussion thus: ‘‘The tractive method is at 
best inexact, but it affords a ready means of making rough measurements, 


especially for purposes of comparison.’’ 
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Two primary objects were sought in modifying the Thompson Permeameter 
as shown in Ewing’s work, Fig. 130, page 249: First, to render the instrument 
more accurate, and Second, to avoid complexity such as is necessary in the 
ballistic method so that the magnetic properties of iron may be introduced 
earlier in a students’ course. 

The modified apparatus is shown in Fig. 1. The solenoid (A) is sur- 
rounded by a cast iron field (B) which furnishes a metal path for the return 
lines of force. The lug (L) is separated from the core of the solenoid by a 
very thin piece of paper. The core of the coil can be easily replaced by a 
core of a different metal, thus giving a different test. The force required to 
separate the lug from the core is measured by means of the spring (S). Since 
the pull exerted by a spring is directly proportional to the distance it is 
stretched it becomes necessary simply to measure accurately the distance 
the spring is stretched in separating the lug (L) from the core. The upper 
end of the spring is attached to a shding guide bar (G), to which is fastened 
a micrometer screw (T). By turning this micrometer screw the spring may 
be stretched sufficiently to pull the lug away from the core which is being 
tested. The number of whole turns of the screw may be read from the index 
bar (D), and the fractional part of a turn to one-tenth of a turn may be read 
from the disk (E.) By standardizing the spring and reading micrometer by 
means of known weights the force in screw turns may be reduced to grams 
or pounds. 

The permeameter with the auxiliary apparatus is set up as shown in 


Fig. 2. 


‘nn 


P, is the permeameter. 


C, is rotary commutator by means of which an alternating current may be thrown through 
the solenoid, thus demagnetizing the core. 
R, is a variable resistance by means of which the current may be varied from zero to twenty- 
five amperes. 
A, is anammeter. 


M, represents the source of current, which is the ordinary 110 volt direct lighting current. 
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The method of obtaining data is as follows: First demagnetize the core 
specimen to be tested by rotating the rotary commutator, thereby causing 
an alternating current to flow through the solenoid. When the specimen is 
demagnetized it will exert no pull on the lug (L). Next pass a very slight 
current through the solenoid, place the lug in contact with the core and turn 
the crank until the lug and core are separated. The number of turns can be 
read directly from the slide index (D) and the disk (E). The current strength 
is read from the ammeter. The current is then increased and the force meas- 
ured which is required to separate the lug and core. This process is con- 
tinued, noting in each instance the current strength and the pulling force of 
the spring, until the pulling force ceases to increase with an increase of cur- 
rent, indicating that the core is saturated. The current is now decreased 
step by step and the pulling force and the current strength noted in each 
case. When the current reaches zero it is reversed and the process indicated 
above is repeated. When the current is again brought back to zero it is 
reversed the second time and increased to the point of saturation. Thus 
data for the complete hysteresis loop may be taken. 

The equations for transforming the results from a permeameter into the 
B and H values for plotting the hysteresis loop are as follows. (See Ewing’s 
work page 248.) 


‘B— H)? X S(sq. em. 
Pollsimelps— ( ) (sq. em.) 


11183000 
| Pull in Ibs. 
Ona ——— +H 
S(sq. em.) 
| Pull in lbs. 
One be—elailirs ——— + H 


\V S(sq. cm.) 
The value of H may be determined by the following equation, in which 


N is the number of turns, I the current strength in amperes and | is the length 
of the solenoid in em. 


DEZGRIN EL 
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DATA. 


Length of solenoid, 9.5 cm. Number of turns, first coil 176, second coil 
273. The force of the spring represented by one turn of the micrometer screw 


is 13 grams or 0.028 Ib. 


Record for a Cold Rolled Steel Rod 0.5 in. Diam. Coil 176 Turns. 


Amp. Pull in | Pull in Amp. Pull in Pull in Amp. Pull in Pull in 

ils Turns. Pounds. 1 Turns. Pounds. | Te Turns. Pounds. 
| 
0.0 0.0 0.0000 0.0 1.0 0.028 || 0.0 1.0 0.028 
0.4 0.4 0.0112 0.4 0.3 0.008 || 0.4 0.2 0.006 
0.8 3.0 0.0840 0.8 2.5 0.060 | 0.8 2.0 0.056 
12 10.5 0.294 12 9.0 0.262 |- 1.2 8.5 0.238 
ie 17.0 0 4761 1.6 18.0 DARN inG l 19k0) sien Or sai 

2.0 | 22.0 0.6160 2.0 26.0 0.628 2.0 25.0 0.700 
Bea |. 28.0 0.7840 2.5 28.5 0.798 | Bus 30.0 0.840 
3.5 35.0 0.9800 3.5 36.0 1.008 || 3.5 35.0 0.980 
4.5 36.0 1.0080 4.5 40.0 1.120 4.5 39.0 1.094 
5.0 38.0 1.0640 5.0 40.0 1.120 5.0 40.0 1.120 
5.5 38.0 1.0640 5.5 40.0 1.120 || 5.5 41.0 ili 
6.0 39.0 1.0940 6.0 40.0 1.120 || 6.0 41.0 1.148 
5.5 39.0 1.0940 5.5 40 0 1.120 
5.0 38.0 1.0640 5.0 40.0 1.120 
4.5 39.0 1.0940 4.5 40.0 1.120 
3.5 37.0 1.0360 3.5 8.0 1.064 
2.5 32.0 0.8960 2.5 36 0 1.008 
2.0 28.0 0.7840 2.0 31.0 0.868 
1.6 On Cea 1.6 28.0 0.784 || 
12 23.0 0.6440 || <s 24.0 0.672 || 
0.8 17.0 0.4761 0.8 18.0 0.484 
0.4 6.0 0.1642 0.4 8.0 0.204 
00 1.0 0.0280 0.0 1.0 0.028 
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Above Results Converted into H and B Values. 


Amp. 
eats He B. 
| 

0.0 0.00 0.00 
0.4 9.32 324.14 
0.8 18.64 878.84 
1.2 | 27.96 1642.76 
1.6 37.28 2137.28 
2.0 46.60 2381.40. 
2.5 58.25 2692.25 
3.5 81.55 3025.75 
45 | 104.85 3090.95 
5.0 . 116.50 3185.10 
5.5 128.15 3196.75 
6.0 139.80 3255.30 
5.5 128.15 3243.65 
5.0 116.50 3185.10 
4.5 104.85 3220.35 
3.5 81.55 3162.25 
275 |. <BBiap 2874.15 
2.0 46.60 2680.60 
1.6 37.28 2647 . 60 
1.2 27.96 2451.96 
0.8 | 18.64 | 2071.04 
04 | 9.32 1215.02 
0.0 | 0.00 497.79 
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Fig. 4. Hysteresis Plot. 


CONCLUSIONS. 


The plot here given establishes the fact that the magnetic properties of 
iron and steel can be obtained by the permeameter method to a reasonable 
degree of accuracy, sufficient for student purposes. 

From a number of tests which have been made the permeameter estab- 
lishes in an interesting way the fact that a much stronger current is required 
to bring a hard metal to magnetic saturation than a soft metal. 

The permeameter test also demonstrates that the magnetic pull exerted 
by a soft metal is much stronger than that of a hard metal under the influ- 
ence of the same current. 

These peculiarities are more easily shown by this instrument than any 
toher, owing to the fact that different metals can be examined under the same 
conditions. 


Physical Laboratory, Earlham College. 
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SANITARY SURVEY OF INDIANA RIVERS. 


x 


JAY A. CRAVEN, C. Ev. 


In August, 1908, the investigation by the Indiana State Board of 
Health of the southern end of Lake Michigan bordering Indiana revealed 
2 serious condition. It was found that the Lake water was ‘grossly pol- 
luted and unfit for use as a source of water supply for drinking and domes- 
tic purposes.” The zone of pollution extended for five miles from shore. 
Although Indiana Harbor, East Chicago, Whiting and a portion of Ham- 
mond contributed domestic sewages directly to the Lake, it was found 
that this apparently had little influence on the character of the Lake 
waters. The main source of pollution was found to be the Calumet River 
with its great volume of sewage and manufacturing wastes. The portion 
of the lake investigated is readily seen on the accompanying map. 

The deplorable situation called for a more thorough survey of the 
condition, and to this end preparations and plans were made for an in- 
vestigation of the Calumet River, to determine the “exact condition of the 
river, the amount and kind of pollution entering it from the Indiana 
cities, how it was disposed of, and if possible, through its report to lend 
assistance for the final solution of the problem which faces the Indiana 
cities and also a part of Chicago.” 

About twenty-five miles of the Grand Calumet River was surveyed in 
the summer of 1910. It has a varying width of from twenty-five to three 
hundred feet and an average depth of six to eight feet until it reaches 
Lake Calumet, from which point it averages twenty-five feet. It receives 
most of the sewage and trade wastes from the four cities along its banks, 
together with a portion of that of Chicago. Many large manufacturing 
concerns contributed a large part of the most offensive refuse. 

Forty-three sampling points were established in the East Chicago 
canal, the Grand Calumet River, The Little Calumet River and Lake 
Michigan. Samples for the putrescibilty reaction, oxygen consumed and 


dissolved, were collected at all the sampling points and sewer outlets over 
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a period extending from June 29th to August 1st. In addition to this, 
Lacterial analyses were made on river samples during that period. The 
portion of the river investigated is shown on the map of Indiana. 

The results of this work were summarized as follows: “It appears 
that the Calumet River is, for a part of its course, a septic tank, in which 
the sewage entering it travels but a short distance from its point of 
entrance before undergoing putrefaction.” As the conditions were serious, 
involving the health of the people of several cities and extending over a 
large territory, it was thought that the problem could be more advanta- 
geously dealt with by the formation of a sanitary district to study the con- 
ditions and reach a final solution, and it was sc recommended. 

At the same time these conditions along the lake were being inves- 
tigated, the states bordering the Ohio River were much concerned with 
the condition of the river and a preliminary survey had been made of 
that portion of it bordering Ohio by the Ohio State Board of Health. 
Indiana was next in line in doing similar work along its borders, and in 
the summer of 1911 that portion of the river lying between Cincinnati, 
Ohio, and the mouth of the Wabash River, a distance of 357 miles, was 
surveyed. A houseboat was equipped for the survey in which living and 
working quarters were provided, and it was found to be admirably adapted 
to the work. 

The total drainage basin to the Ohio-Indiana line is 80,947 square 
miles, and the population located on this area was about 8,000,000. Four 
hundred and fourteen samples were collected for chemical and bacterial 
analysis, 5558 of which were river samples. 

With the exception of three ov four points in the river, and these at 
or near the entrance, the analysis did not show a serious condition to 
exist, one which at the stage of water encountered would create a nuisance. 
At no point along the river was the raw water found to be fit for drink- 
ing purposes, however. 

One noticeable feature that should be mentioned is the high typhoid 
death rate in the cities using raw river water, and the decrease in the 
rate after the introduction of filter plants where this step had been taken. 
At Cincinnati for three years before filtered water was used the average 
rate was 64.0 per 100,000 and the average rate for the three years fol- 
lowing the introduction of filtered water was 12.6. 


As an Indiana problem alone, future investigations could be limited 
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to Cincinnati, Louisville or Hivansville, and as the former are much 
the larger, contributing therefore a much Jarger amount of sewage and 
wastes, active steps toward an abatement of the problem at these two 
places will have to be taken before Indiana is affected. The question of 
the disposal of manufacturing wastes is a comparatively easy one for 
Indiana manutacturers. It is an individual problem for each concern to 
solve, but there are very few where a treatment of the waste would be 
required, and then only after the problem has been taken up at all points 
along the river. 

In the report made in 1911 it was said that the problem was not one 
for the individual states, but that it would have to be controlled by the 
Federal Government, and preparations are now being made by the Goy- 
ernment for a thorough survey of the entire river. 

Continuing the policy of surveying our rivers, and therefore our 
ratural water supplies, a survey of the Wabash River was made in the 
summer of 1912. From the experience gained the previous summer, a two- 
roomed houseboat was built, one room to be used for the laboratory work 
and the second for living quarters. The work covered the river from 
Bluffton near its source to the mouth, a distance of 450 miles. Because 
of the shallowness of the river at the upper end, this portion was covered 
in a rowboat, and samples shipped to Lafayette to the houseboat labora- 
tory. From this point down, the houseboat was used. Hight hundred and 
twenty-three samples were collected for a chemical and bacterial analysis, 
696 of them from the river. 

At no point was the river seriously polluted; i. e., a nuisance did not 
exist. At a few places, however, as at Wabash, where a large strawboard 
plant is located; at Lafayette, where there is another one; at Terre 
Haute, with many manufacturing concerns, and at Vincennes, with its 
strawboard works and distilleries, considerable pollution was found. As 
this condition was always below the cities and they were not bothered, 
and the natural purification of the river remedied this condition before 
the cities and towns below were reached, no complaints were heard. The 
population on the watershed is not large in comparison with its size, and 
the flow is sufficient to care for the sewage and wastes by dilution. 

Although from a physical standpoint the river was found to be in 
good condition, the analyses showed that it was unfit in its raw state for 


drinking and domestic purposes, and that it would be necessary to filter 
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the water to make it potable. The great burden imposed upon a filtra- 
tion plant by the use of the river for the disposal of sewage and manu- 
facturing wastes in constantly increasing quantities, should be lessened as 
much as possible. Some degree of purification of all manufacturing 
wastes and domestic sewage should be required. Partial purification, such 
as screening or the passing the sewage and wastes through Imhoff tanks, 
will give a satisfactory effluent for some time to come. Some such treat- 
ment should therefore be required of all cities and towns and manufac- 
turing concerns, and it was so recommended. 

Last summer similar work was done on White River from Winchester, 
near the source, to the mouth, a distance of about 3SS miles being covered. 
From Winchester to Muncie the trip was made on foot; from Muncie to 
Indianapolis a rowboat was used; between Indianapolis and Martinsville, 
information and samples were collected in an auto, and from Martins- 
ville down, the houseboat which had been used on the Wabash River was 
again put in service. It had been brought up to this point during the 
early spring. 

Navigation was more difficult than had been previously experienced, 
and many obstructions in the way of snags and sand bars were met. <Al- 
together 779 samples were collected, 354 of them from the river. The 
river for about 100 miles below Indianapolis was found to be in a serious 
condition, due to the great amount of sewage and manufacturing wastes 
introduced into the river at Indianapolis. The flow of the river during 
dry seasons is entirely too small to care for this great amount of sew- 
age, and the only remedy for the situation is the treatment of this refuse, 
Which has already been begun in an experimental way. When Indian- 
apolis has relieved its pertion of the pollution, other cities will have 
to do likewise, and in this way, the condition of the river will gradually 
be restored to as near its original state as possible. 

Altogether, a total distance of 1,195 miles were covered in the survey 
of the last three rivers, and over 2,000 samples were analyzed, 1.363. of 
them river samples. The work done has revealed serious conditions on 
two of the rivers, the Calumet and White, steps for the improvement of 
which have already been taken. In the case of the other two, steps for 
the restoration of the water to its former condition should be taken, and 
future pollution prohibited. The accompanying map shows the extent of 


the work done on Indiana rivers. 


These surveys have shown the need of more legislative power, to be 
vested in a central authority, naturally the State Board of Health, whereby 
the rivers, our natural water resources, can be saved for future genera- 
tions. At the present time control of streams is given where they are 
vsed for water supplies, but no steps can be taken by the Board of Health 
unless petitioned by the health officer or citizens of the locality affected. 
The time is coming, and the sooner such control is given the easier will 
he the solution of the problem. The data collected will be invaluable in 
the fulure for comparative purposes, when the people become awakened 


fo the seriousness of stream pollution. 
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THE RELATION OF LAKES TO FLOODS, WITH SPECIAL 
REFERENCE TO CERTAIN LAKES AND STREAMS 
OF INDIANA. 


WILL Scort. 


The problem of flood prevention is a part of a larger problem which 
we have considered either in a fragmentary way or not at all. This 
larger problem is the development of the waters of our state as a natural 
resource. ‘To regard a river as a menace because its higher stages, under 
present conditions, are destructive; or to consider a lake to be a waste 
area because it can not be plowed, indicates a very limited insight or 
selfish motives. Some of the factors that must be considered in the de- 
velopment of this resource are power sites, building sites, water supply 
for cities, water for irrigation, places for recreation, avenues for trans- 
portation, and fish production. 

It may be regarded as self-evident, that a whole drainage system 
must be treated as a unit. It is impossible to develop one power site, 
without affecting another; floods prevented in the upper course of a 
stre:m will make them less destructive in its lower course, ete. 

The thing that affects most fundamentally these elements of value in a 
stream is its rate of discharge. The work of Tucker (11) has shown that 
not nearly 211 of the power sites in Indiana are developed; and that 
those that are developed are limited in value because of the low minimum 
discharge. High banks along streams are worth much more for building 
sites than for farm land. The more constant the stream level is, the more 
these sites are worth. And so with all of the values that attach to a 
stream; the more regular the discharge, the greater these values are. 

The attention of every one is attracted to the great losses that are 
caused by floods; but few recognize the decreases in value that are occa- 
sioned by the low stages of streams. The losses by floods are sudden and 
dramatic. They are more or less irregular in their occurrence, while the 


losses caused by low stages are constant and inconspicuous. The losses 


North Side. Former Fish Breeding Ground, Now a Rocky and Unproductive Waste. 


Plate I. Lingle Lake. Marsh in the Forezround and Middle Distance. A Fish Feedine Ground 


Spoiled by Lowering the Lake. 
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of the first class represent developed resources; while those of the second 
class represent resources that are for the most part undeveloped. This 
accounts for the difference in the attention that each receives. The prob- 
lem is not the prevention of floods but the production of regular discharge 
in our streams. The rainfall is irregular, and if it is allowed to run 
off as it falls an irregular discharge must result. Each drainage system 
presents a different set of conditions that must be met in solving this 
problem. The solution of the problem in northern Indiana is intimately 
associated with the development of our lakes. 

This paper is limited to a discussion of some lakes of Kosciusko 
County and their relation to the Tippecanoe drainage system of which they 
form a part. 

That the Tippecanoe River has a more’ regular fiow than the 
Wabash is due to the fact that the Tippecanoe has many more lakes and 
swamps in its headwaters. (The closer proximity of the Wabash to 
bed-rock probably has some influence on the irregularity of its flow.) 

Some of the facts concerning the Wabash at and above Logansport, 


and the Tippecanoe River at and above Delphi are as follows: 


DiscHARGE, 1904. Sec. FT. PER SQ. MILE. 
DRAINAGE _ - 
AREA. | i 
Sq. Miles. Maximum. | Minimum. Maxi Mani 
Slee ie | Gaal BE. | Maximum. = Minimum. 
| 
Tippecanoe ai 
Delphi...... 1,890 15,430 | 269 8.164 142 
Wabash at Lo- | 
gansport ...... 3,163 48,080 | 260 15.02 -O81 


That is, the minimum discharge per square mile of drainage basin in 
the Wabash is 57.7 per cent of that of a square mile in the Tippecanoe, 
while the maximum discharge per square mile of basin is 183 per cent of 
that of the Tippecanoe. This indicates roughly the value of lakes under 
natural conditions. 

The most important factor in the economy of lakes is the treatment 
of the outlet. This may be left in a natural condition, it may be dredged, 
or it may be dammed. I wish to describe the effect of these three con- 
ditions on the drainage systems below the lake and upon the lake itself. 

A jake with a natural outlet usually impounds water early in the 


year. With the first warm months their outlets become obstructed with 
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Spillway and Dam. 


Plate II. Webster Lake. Fish Feeding Ground Formed by Damming the Lake. 


‘uh 
} 


eee Gr et a ets rae serelye Ne eee Tee | 


wth ypc Maes is A 
ara = ly Leah taebee tas” vi a hate a i Dal dl that 
Fa be ee ata 


eer ny pn ely A 


Ps 


2G bia 


Scal sooft. 
cale ~ 

Depth in meters. 
Maximum depth LSM. 


1000ft. 


HYDR oat a C MAP 


LINCLE LAKE 
KOSCIUSKO CO. INDIANA 


PREPARED UNDERTHE DIRECTION OF 
WILL SCOTT. 


OUTLINE BY WR-ALLEN 
SOUNDINGS BY CN.HOFFER AND W SCOTT. 


Wee 


plants* growing in them so that the excess of water is discharged gradu- 
ally during the months that follow. 

To leaye the outlet of a lake undisturbed has many advantages to 
the lake. First of all, it insures a shore line of considerable age. On 
the windward side there is usually a wave-cut terrace, which forms the 
natural breeding ground for most of our lake fish. On the lee side there 
are usually plants which furnish protection and feeding ground for 
fish. 

If the outlet is dredged the capacity of the lake as an impounding basin 
is decreased. The plants which obstruct the outlet are destroyed, so that 
the excess of water is rapidly discharged. For example Lingle Lake was 
lowered four feet by dredging. Caving of the banks and the obstruction of 
the outlet by waves has raised the water to within approximately two 
feet of its original level. This has decreased its area 10,152,800 square feet, 
and its capacity 40,107,600 cubic feet. See accompanying map. 

The present area of Lingle Lake is .587 square miles. This reduction 
in leve! has exposed a large area of wave-cut terrace on the north and east 
shores, and thus destroyed the best nesting places for fish (especially sun- 
fish and bass). None of this land is used and apparently cannot be used. 
On the south and west extensive marl deposits were exposed on which 
sedges grow, forming an inferior pasture. The possibilities of aquiculture 
have been limited, while the available area for agriculture has been in- 
creased to a much less degree. 

To illustrate the effect of damming lakes, I shall discuss five lakes, 
whose area is accurately known, and with whose environs I am familiar. 
These are Hagle Lake (Winona Lake), Little Hagle Lake (Chapman Lake), 
Webster Lake, Tippecanoe Lake, and Palestine Lake. If dams were con- 
structed so that the level of these lakes could be fluctuated respectively 
2, 3, 3, 5, 3 feet they would store and control 27.289 sec. feet per annum, 
distributed as follows: Eagle 2.02, Little Hagle 4.359, Webster 3.039. Tip- 
pecanoe 12.99, Palestine 4.509. 

If this excess were discharged during the driest three months it would 
produce 109.156 sec. feet for that period. The minimum discharge for the 
Tippecanoe River at Delphi during 1904 was 269 sec. feet. If the excess 
just cited had been available during that period it would have increased 


the minimum discharge 40.5 per cent. 
* This stream obstruction by plants may be excessive. It accounts for part, if not all, of the dis- 
crepancy between rainfall and discharge noted by Tucker (’11, p. 507). 
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Mill and Race. (See Text.) 


Head of Race and Mill. 


Plate III. Webster Lake. 


It is a well-established fact that the value of a power site is largely 
determined by the minimum rate of discharge. This means that the value 
of the water power along the Tippecanoe would be increased more than 
40 per cent. by treating five inkes as I lave suggested. Not only would 
this value be enhanced; but it would afford a better avenue of transporta- 
tion, a more delightful place for recreation, and its yield of fish would be 
increased. By properly controlling all of the lakes in this basin, it is prob- 
able that the minimum rate of flow could be more than doubled. (The 
exact data for the remaining lakes in this system we hope to collect dur- 
ing the present year.) 

The effect upon flood conditions is evident. The increase of the mini- 
mum discharge decreases the maximum discharge. Since it is the top 
of the flood that does the damage, it will be possible to practically eliminate 
excessive destruction along this stream. This will improve conditions in 
some degree along the streams to which the Tippecanoe is tributary. 

It is very evident that handling lakes as I have indicated will make 
the streams that drain them more yaluable and less destructive. It re- 
mains to determine, as accurately as the available data will permit, the 
effect upon the lakes themselves and their environs. Raising the level of 
any lake will of course inundate some land. The value of this land must 
be considered in determining the advisability of manipulating lake levels. 
These lakes are all intramorainal and are surrounded by moraines, rising 
father abruptly from the water; or by marshes, which in most cases have 
deen formerly a part of the lake. 

Where the shore rises abruptly a narrow strip would be submerged 
by raising the level of the water. In many cases these slopes are used for 
the sites of summer homes, and it is only a question of time until all of 
them will be so utilized. The raising of the water along these sites would 
make boat landing less difficult and would not injure the facilities for 
bathing. 

It is on the wave-cut terraces, which are formed along these moraines 
that most of the fish of the lake breed. This breeding ground would be 
narrowed at first, on account of the increased depth of the outer: margin ; 
but in a short time it would be more extensive than ever because of the 
increased width of the terrace. 

The marsh land on the margin of lakes is often worthless and never 


valuable. It is sometimes used for pasture and occasionally it is mowed 
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The West Side, a Marsh. 
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Plate IV. Chapman Lake. The East Side, a Barren Slope. This Lake Has Recently Been 
Lowered Three Feet. 
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for marsh hay. The products in each case are coarse and of little worth. 
When these marshes are flooded they produce excellent feeding grounds for 
fish. 

The damming of a lake would be suflicient, in many instances, for the 
development of water power. This could be used at the site of the dam 
or it could be converted into electricity and delivered to the property 
owners whose holdings abut the lake. The power thus produced would be 
sufficient in most lakes to offset the damage caused by the overflow of 
marshes, provided a just appraisement could he secured. The owners of 
the high ground around the lake would very generally favor the change, 
because of the value added to the cottage sites. 


THE EFFECT UPON THE PARTICULAR LAKES UNDER CONSIDERATION. 


Webster Lake——Webster lake has an area of 1.5 square miles. It has 
already received the treatment that I have outlined. I have been unable to 
determine the date of the first dam. The present dam was constructed in 
1905. It gives a head of nine feet when the water is flowing over the spill- 
way. The power is used to run a flouring mill owned by Mr. John Strom- 
beck. One large turbine and two smaller ones are used. The large wheel 
delivers sixty horse-power at a nine-foot head and forty horse-power at a 
six-foot head. The ratings of the smaller wheels were not available. The 
dam is an earthen one except the spillway with its apron and wings, which 
are of concrete. _ 

With the dam out the present lake would be cut into a number of 
smaller ones, connected by marshes. This former marsh land now fur- ~ 
nishes excellent feeding ground for fish. As a direct result of this, Web- 
ster Lake has become one of the finest lakes in the state for bluegill 
fishing. I have counted forty fishing boats in view at once; and from fifty 
to eighty fish are counted a good string for a half day’s fishing. 

The present level makes it possible to use the surrounding moraines 
for the building of Summer homes and resorts. One large hotel and several 
cottages have already been erected on the south shore. The town of North 
Webster has easy. access to the lake. Many good building sites remain to be 
developed. 

It is difficult to estimate the value of the power, the increased value 
ot the adjoining real estate, and the augmented fish production; but this 
certainly would exceed the value of the marsh land that would be exposed 
if there were no dam. For map see Large (’96). 
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A Shallow Lake Which Produces Enormous Amounts of Fish Foods. 


Plate V. Palestine Lake. Note the Close Proximity of Cultivated Land to the Water. No Waste 


Area as in Partially Drained Lakes. 


Tippecanoe Lake—Tippecanoe has an area at present of 1.71 square 
miles. If the level were raised five feet the area would be increased to 2.93 
square miles. Its maximum depth is 121 feet, which is probably the great- 
est depth in any Indiana lake. The lake is bordered along most of its 
shoreline by moraines that rise rather abruptly to considerable height. The 
rest of the shore is bordered by marshes. Raising the level five feet would 
submerge most of the marsh land and a yery narrow strip along the 
steeper shores. One pbuilding would be affected, but S600 would easily re- 
place it. The bathing beaches would be narrowed, but the action of the 
waves would soon broaden them. These are the items of loss. 

By overflowing the marshes the shore line would be brought to other 
good building sites. This would increase its value from that of ordinary 
farm land to that of water-front building site. The value of the former 
is about $100 per acre, while that of the latter is at present between $500 
and $1,000 per acre. 

The great depth of Tippecanoe Lake and the steep slope of much of its 
bottom make the area available for fish breeding and feeding very limited. 
The fish production could probably be doubled by utilizing the marsh land 
for feeding grounds and the wider wave-cut terraces as breeding ground. 

The basin that discharges through the outlet of Tippecanoe Lake has 
an area of 136 square miles. One inch run-off from this basin would pro- 
duce 10 sec. feet for one year. Twelve or fifteen inches run-off could be 
expected which would produce, respectively, 120 and 150 sec. feet for one 
year. The five-foot fall that would be produced by the dam could be in- 
creased two or three feet by building a race a quarter of a mile in length. 
For map see Large (796). 

Bagle Lake.—agle Lake has an area of .S7 square miles. The swamp 
land that surrounds it covers about one-half square mile. <A part or this 
swamp land has been filled by Winona Assembly and now forms very valu- 
able real estate. This would make it rather impracticable to raise the lake 
more than two feet above its present level. But little of the remaining low 
land is used. About twenty acres are mowed for marsh hay and a similar 
amount is used for pasture, of which it produces a very inferior grade. 

The outlet has been dredged so that the land below the lake could be 
drained. A dam has been built across this ditch, making a difference in 
level of six feet. By raising the dam two feet a fall of eight feet would be 
secured. The catchment basin discharging through the outlet of this lake 


contains forty square miles. 
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The Dam From Above. 


Plate VI. Palestine Lake. General View of the Dam and Mill. 
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The changes produced in Eagle Lake by raising the dam two feet 
would not be very great. Fishing would be improved and some power could 
be developed with an almost negligible loss of property. 

Little Bagle Lake—Little Eagle Lake (Chapman Lake) has an area of 
822 square miles. It has a maximum depth of 38 feet. Along most of its 
shore line the bottom slopes rather gently, so that a slight change in level 
makes a marked change in area. 

In recent years the outlet of this lake has been dredged, in an effort 
to reclaim some marsh land on the south and west ef the lake. Some 
onions have been raised on this land, but most of it is not productive, for 
all of the lowland lying west of the lake is composed of marl. 

This dredging of the ontlet has exposed many acres of fine fish breed- 
ing ground on the east side and it has reduced the feeding ground on the 
west side. The east side has many good building sites, some of whicn are 
developed. The lowering of the lake has reduced the value of these prop- 
erties by making the landing with boats more difficult and by making the 
shore line more distant. 

The changes proposed for this lake would just about restore the orig- 
inal conditions. See accompanying map. 

Palestine Lake.—Paiestine Lake is said to contain 1,100 acres or 1.71 
square miles. There are two small depressions whose maximum depth is 30 
feet, but the most of the lake is less than ten feet deep. All shallow parts 
of the lake, comprising about five-sixths of it, are filled with an almost con- 
tinuous mass of water plants. These shallows evidently formed an old 
flood plain or marsh that has been covered with water by damming the 
outlet. 

The water from the dam is used to run a flouring mill. The turbine 
delivers forty-seven horse-power at a Seven-foot head. 

We have not completed the sounding and mapping of this lake and 
until this is finished it is impossible to say with certainty just what would 
be the best treatment for this lake to receive. It is certainly a valuable 
impounding basin as it is; and it seems that a small amount of land would 
be submerged by raising the water above its present level; thus increasing 
its efficiency as an impounding basin, and the amount of power developed. 


On the other band, this is one of the few lakes in which the lowering 
of the outlet would expose a relatively large amount of land. Because of 


this exceptional condition, it is necessary to collect all of the data before 
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MAP OF KOSCIUSKO COUNTY, INDIANA. SHOWING THE LOCATION OF THE 
LAKES DISCUSSED IN THIS PAPER. 


Little Eagle.Le 


a just estimate of the various values can be made. It may be more econom- 
ical in this case to remove the dam, in order to secure land for farming; 
but the evidence at present indicates that the dam should be raised rather 
than lowered. 


CONCLUSION. 


From the data presented, it is evident that the storage capacity of lakes 
can be increased by damming, and that by properly manipulating these 
dams the excess accumulated can be discharged during periods of minimum 
rainfall. This will benefit the streams to which the lakes are tributary 
(1) by decreasing the maximum discharge, thus preventing floods, and 
(2) by increasing the minimum discharge, which will add to all the ele- 
ments that have been enumerated in stream valuation. 

By analyzing the conditions carefully in each lake these changes can 
be made so that the value of the lakes and the property adjoining, when 
considered as a whole, will be increased. 

Many details are yet to be worked out, but the advisability of this pro- 
cedure is already apparent. 
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First Steps IN INDIANA FORESTRY. 


STANLEY COULTER. 


It is not meant by the title chosen to intimate that much preparatory 
work along forestal lines has not been done in the state. The work of 
awakening popular interest in forestry has been well done, it not, perhaps, 
overdone. In the schools by direct instruction, through the stimulus of 
arbor day exercises and by the wise and vigorous activity of the Indiana 
Forestry Association, practically every community has been reached. Upon 
the Forest Reserve the State Board of Forestty has conducted a large 
series of experiments and has collected a vast mass of data touching prac- 
tically every phase of wood-lot management. Its reports and press bulle- 
tins, together with its educational contests, have served to increase and in- 
tensify interest in the movement for the conservation of our remaining 
forests. I suggested that perhaps this preparatory phase of the work had 
been over-accented, for there is such a thing, on the one hand, as spending 
so much time on preparation as to leave none for accomplishment, and on 
the other, by overstimulus to incite to ill-considered and poorly planned ef- 
forts. In Indiana the latter has been the case. An examination of the facts 
shows a very large number of instances of tree planting; plantings run- 
ning up to the hundreds in number, into the thousands of acres in area and 
containing hundreds of thousands of trees. A review of the inspection of 
plantations as ziven in the reports ef the State Board of Forestry reveals 
an activity in tree planting that is positively marvelous and almost incred- 
ible when the returns or rather lack of returns are taken into account. It 
is a sad tact but a true one that approximately 70 per cent of these plant- 
ings are total failures. In them, the total crop sold at the highest price 
would not equal the cost expended upon them. The remaining 30 per 
cent can only be regarded as partially successful. Only in a small fraction 
ol the cases can the stand be regarded as representing the full capacity of 
the area. The schools also have had arbor day exercises for years, exer- 
cises which have doubtless been helpful and stimulating in many ways, but 
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the school yards in the main are as destitute of trees as they were before 
arbor day was projected. 

All of this shows interest; it further shows a willingness to expend time 
und effort and money in tree planting, but it also shows with equal clear- 
ness that there has been enthusiasin without knowledge, and that in In- 
diana the first steps in forestry from the standpoint of results are vet to be 
taken. Incidentally it may be remarked that tree planting is not neces- 
sarily forestry, it is merely a single plase of forestry. 

lor the purpose of this paper we may omit the consideration of orna- 
mental plantings, whether of streets or lawns or parks, and confine the 
discussion to the wood-lot and to the denuded area which is to be refor- 
ested. In the management of the wood-lot from the standpoint of conserya- 
tion three things are sought: (1) The largest amount of timber per acre 
that the land will carry; (2) the best quality of timber possible; (8) the 
production of this maximum quantity and optimum quality in the shortest 
time possible. If these ends are accomplished there is evidently need of a 
technical knowledge which is usually not possessed by the landowner, 
and which in the multiplicity of his activities he has no time to acquire. 
If the largest quantity and best quality possible is secured from a given 
area it will be because those species of trees are selected which are adapted 
to the conditions of soil. of moisture, and of climate. It will also be in 
part because of species equally adapted to a given locality, those which 
make the more rapid growth, are more immune to insect and fungus in- 
vasion, which are less sensitive to unfavorable climatic conditions, have 
been chosen for encouragement. In a general way conditions which make 
for a vigorous and healthy growth make also for the best quality of tim- 
ber, whether we consider weight or strength or direction of fibre or 
beauty of grain. In the large range of species available, in the variety, 
indeed, found in the average wood-lot, how many landowners have a suf- 
ficiently accurate knowledge upon these points to enable them to select 
species for encouragement with such certainty as to insure profitable re- 
turns? Taking the plantings referred to above, the failures came from 
lack of knowledge, not from lack of interest or enthusiasm. Most of the 
plantings were of black locust cr hardy catalpa, planted, probably, with tlie 
purpose of short rotation management for post or tie stuff; but very often 
locust was planted on ground which in all reason should have been planted 
to catalpa and catalpa was planted on ground far better suited to locust. 


The result, of Course, has been failure more or less complete, with loss of 
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money and time and use of land and, worst of all, loss of faith in the possi- 
bility of forest improvement. The argument is that this knowledge is 
strictly technical knowledge, the property of the specialist. It is not 
within the knowledge of the landowner, nor would he be justified in 
taking the time required for acquiring it from his other work. This is 
a very summary and incomplete resume of some of the silvical factors 
entering into the problem of securing maximum quantity and optimum 
quality in the shortest time. 

The wood-lot, also. if it serve its purpose must yield its owner rea- 
sonable returns upon his investment and yield such returns at regular 
intervals. If it fails to do so its maintenance is bad business. If the 
wood-lot is regarded as an investment, perpetuity must always be in 
mibd. It is then not merely securing a return at some given period of 
time, it is insuring by sufficient reproduction the harvesting of similar 
crops at future periods. How much shall be cut? How often shall cut- 
tings occur? What relation shall the time of cutting bear to the time 
of regeneration? What species in the stand shall be encouraged and 
what species eliminated? How shall the amount cut be known to equal 
the amount grown between cutting cyles? These are a few of the fac- 
tors entering into the problem from the standpoint of management, which 
is after all applied economics. Here again the knowledge is expert knowl- 
edge, it is not in the possession of the landowner nor has he time to acquire 
it. Yet because these factors are not considered ultimate failure is bound 
to result. 

It seems that we have an ineyitable deduction. Provision should be 
made as a part of the force under control of the State Board of Forestry 
for an expert field agent whose duty it should be to furnish working plans 
to the wood-lot owner which will give direction and certainty to his efforts 
to secure the largest quantity and the best quality in the shortest time pos- 
sible. Each tract should be inspected carefully before the working plan 
is outlined in order that local conditions, which are of the highest import- 
anee, may be taken into account. Along constructive lines, the lines of 
securing results, the appointment of a trained field agent is absolutely the 
first step. Until such an office is created forestry work will be as ineffective 
and futile in the future as it has been in the past. Advice as to cleanings, 
ikinnings, reinforcement, control of noxious insects and injurious fungi 
would naturally be among the functions of such a field agent. 


Before any very great measure of success can be hoped for, provision 
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inust be made of such a character that the landowner may secure the 
needed supply of seedlings, true to species and at a reasonable price. Under 
present conditions this is practically impossible. Nurseries as at present 
organized deal in forest trees mainly to supply the demand for street and 
ernamental planting. The placing of an order for a given species running 
up into the thousands or perbaps tens of thousands of seedlings is practi- 
cally impossible except perhaps in the case of black locust and catalpa. In- 
deed it is not probable that nurserymen would care to undertake to meet 
such demands. The cost of collecting the seed, the additional area and 
labor involved, taken in connection with the fact that such orders could 
only be expected occasionally and that there would be no possible method 
of estimating the average annual demand for each of the species, would 
make such an enterprise one of very doubtful profit under tavorable con- 
ditions and of very certain and large loss under unfavorable conditions. 
This means the establishment of a state nursery or nurseries, by the State 
Board of Forestry under expert direction, from which needed material for 
future plantings may be secured. 

The experimental work at the reserve has gone far enough to indicate 
what species should be encouraged in reenforcement and new plantings, to 
demonstrate the best tile for planting as well as the best method of plant- 
ing, to show clearly enough the proper care and treatment after planting 
and to furnish a fair estimate of the expense involved in a correct prac- 
tice. It is well within the law under which the board was created, that it 
should now take the next logical step, namely, the furnishing of suitable 
material for such plantings at practically the cost of production. Under 
the very best conditions from 53 to 6 per cent. is the best dividend that can 
be expected in forestal enterprises, so that any marked increase in the 
initial cost precludes all possibility of profit. The distribution of this ma- 
terial should be carefully controlled. It should be supplied only for affor- 
estation or the reenforcement of existing wood-lots and never for street 
er ornamental purposes. The experience of the state nurseries in Con- 
necticut, Massachusetts, and other states shows that this control offers no 
difficulty and that a demand is met which the nurserymen cannot meet and 
co not care to meet. Indeed it has been shown that since the establishment 
of state nurseries the sale of forest tree stock by nursery firms has largely 
increased, although it may be questioned whether the relation is a causal 
one. It is certain that the Board of Forestry by establishing such nurseries 


would accomplish much in the way of improving existing wood-lots and in 
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the afforestation of denuded and waste lands. It cannot be too strongly 
emphasized that in such work the state is not entering into competition 
with nurserymen, but is merely endeavoring to meet exceptional heeds 
which lie beyond the field of ordinary nursery organization and purpose. 
It would of course be better if a series of nurseries could be established 
so located as to give not merely the best conditions for the growth 
of the seedlings, but also to meet the needs of different localities. This re- 
finement of method is perhaps beyond the bounds of reasonable ex- 
pectation, but certainly the supply of desirable species true to type at 
the minimum cost is another step in a constructive forest policy. Apparent 
difficulties cannot be considered in this connection, but in the main they 
will be found to concern details capable of a fairly easy adjustment; none 
seem to be fundamental. 

A third step in a constructive forest policy would be the organization 
of a series of cooperative plantings. In this case the landowner and 
state cooperate. The proper official selects and furnishes the young 
trees, personally oversees theiz planting and gives direction for their 
future care. The landowner pays transportation charges on the seedlings 
and furnishes the labor involved in the planting; he also agrees to fol- 
low the directions for after care and to make report upon the planting 
at specified times. The advantage is two-fold: the constructive work of 
the Board of Forestry covers a large part of the state, while the land- 
owner secures expert advice and material in return for his labor and 
eare. This plan has been in successful operation in Ohio for a number of 
years with extremely satisfactory results in the majority of cases. Of 
course in this as in all other cooperative enterprises an occasional man 
fails to keep faith. Practically the same plan preyails in all agricultural 
colleges. Purdue University has cooperative plats in all parts of the state 
bearing upon every form of crop from alfalfa to apples. Such cooperation 
would involve but little expense if the office of field expert in Forestry 
were created and a state nursery established. Indeed, the expense involved 
in the salary of a field expert, in the establishment and maintenance of 
state nurseries for furnishing tree seedlings and in the institution of a 
series of cooperative plantings taken together would seem absurdly small 
when compared with the interests involved. 

Successful tree planting, which is only another name for successful for- 


estry, is in a certain sense an essentially local proposition. So much de- 
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pends upon the quality and character of the soil, upon the water leve! of the 
soil, upon the climate, exposure, topography and a host of other factors, 
that what might be good practice upon one tract would be bad practice 
upon another possibly but slightly removed. All of which means that 
deductions drawn from the study of a single area cannot be safely applied 
over the area of a state. Concretely, the deductions drawn from the ex- 
perimental studies at the Forest Reservation are applicable only to like 
areas, that is to those with similar escological conditions. They are not ap- 
plicable to the conditions prevailing in the central counties and are of lit- 
tle significance so far as the sand-diune regions of the state are concerned, 
So much depends upon the soil character as regards the health and vigor 
and rapidity of growth of the tree that it must always be taken into ac- 
count. In an area such as Indiana, elevation and climate are so nearly 
uniform as to be negligible, but the soil is in different case. As each spe- 
cies has its optimum soil any constructive forest policy will provide for 
demonstration areas so located as to represent every type of soil found in 
the state. This would involve the purchase of land unless arrangements 
could be made to utilize some of the holdings of properly located state in- 
stitutions. That the acquisition of land by the state for forestal purpose is 
regarded as sound economic policy is plainly shown by the large and con- 
stantly increasing area of such holdings in New York, Pennsylvania, Michi- 
gan, Minnesota, and other states. The tracts need not be large for the 
accomplishment of the desired purpose, so that the entire amount required 
would probably not exceed 200 or 300 acres. For the success of such work 
absolute control of the tracts should be vested in the State Board of 
Forestry, a fact which makes purchase more desirable than a use by suf- 
ferance of the lands of state institutions. An attempt to carry out the 
suggestion of former Governor Marshall that such demonstration plats 
should be operated upon county farms showed the extreme difficulties at- 
tending the very first steps in such joint control. 

If we consider the problem of the recovering of denuded and waste 
areas the necessity of the expert field agent becomes more apparent. What 
to plant in any given locality is a problem involving a very wide range of 
factors running from silvical requirements to economic conditions. Yet a 
consideration of all of these factors is absolutely essential if the work 
proves at all profitable. Irom the merely silvical standpoint it is per- 
haps natural to infer that the species that have grown upon any given 


area, having proved their fitness for the particular locality, are the ones 
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that in afforestation operations would give the greatest promise of success. 
As a matter of fact such a conclusion is more often incorrect than correct. 
The region has lost its forest floor with all its far-reaching influence in 
maintaining soil fertility, moisture and porosity; it has been subjected to 
the desiccating and compacting effects of sun and wind; by drainage its 
water level may have been decidedly lowered; it has lost the protection of 
adjoining forests and is therefore more sensitive to adverse climatic condi- 
tions such as changes of temperature, wind, etc.: many of the trees in the 
original forest may have been of species which can only find their normal 
development and growth rate when sheltered or partially sheltered. Indeed 
it is very rarely the case that the original forest can be restored. Its place 
must be taken by one composed of species adapted to the new conditions. 
Just what species these new conditions indicate it is difficult for the expert 
to determine; it is entirely beyond solution by the average landowner save 
through the expensive school of experiment. In afforestation more defi- 
nitely and vitally than in reinforcement and improvement do we find that 
the imperative need in forestry in Indiana is the field expert. 

Incidentally much remains to be done in the way of education. Rela- 
tively few species are of sufficient economic value to promise profitable re- 
turns. Each of these species has its optimum conditions, each has adyan- 
tages and disadvantages arising from its silvical properties. Careful studies 
should be made of these available species and of their requirements for the 
most rapid growth and healthiest development. These studies should be 
supplemented by others which definitely locate the areas in the state where 
these optimum conditions for the various species are to be found or if the 
specific locality is not given, of the type of soil furnishing these conditions. 
If this were done the landowner in Hancock or Hlkhart or Gibson county 
would have in his possession the data needed for the formulation of a ra- 
tional management of his wood-lot. The preparation of such a series of 
studies would take time, but the good accomplished would be immeasur- 
able. The old prophet cried, ‘““The people perish through ignorance,” which 
we may paraphrase to read, “Our forests perish through ignorance.” 

Back of all this and in a certain sense fundamental Is a classification 
of the soils of the state. Any true conservation demands that every re- 
source be utilized for its highest valnes. This is as true of soils as of gas 
or gold. In Indiana certain soils give and always will give their highest 
values in the form of ordinary field crops, or horticulture. Other soils 


always have and always must yield their highest return from tree crops. 
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Some intermediate conditions may indicate that a part of a given area 
should be devoted to crops, part to trees. It is necessary that the absolute- 
ly agricultural, the absolutely forestal and the intermediate soils be accur- 
ately delimited. When this is done the soil can be managed in such a way 
as to yield its highest returns. Until this is done we shall continue to have 
the economic anomaly of trees upon agricultural land and of crops upon 
forestal lands. The United States is far behind other countries in this 
classification of its soils and the devotion of each type to its highest form 
of utilization. Until such classification is made little constructive work 
of a permanent character can be done. 

Summarizing: There is no lack of interest and enthusiasm; indeed 
they have far outrun knowledge. Enough data bearing upon the subject 
are in hand to justify constructive work. To insure success six things 
are necessary. 

1. The Field Expert at the service of landowners. 

2 ‘The state nurseries for furnishing material true to species at the 
yninimum price. 

3. Cooperative plantings extended until they reach every county in 
the state. 

4. Demonstrations plats so located as to represent fairly every soil 
type in the state. 

5. Definite instructions as to available species for given localities or 
at least for given types of soils. 

6. A classification of soils. 

The consideration of a constructive policy which would produce re- 
sults in the way of improved forest conditions, of a rapid and rational re- 
clothing of denuded and waste areas would naturally include many topics 
not discussed in this paper, net because of their lack of pertinence, but for 
2 very apparent lack of time. In the case of the tens of thousands of acres 
of waste and wasting lands, in the southern hill region, in the northern 
sand-dunes, in undrainable lowlands, can the individual afford afforesta- 
tion work, or is the problem one for the state? If it is a problem for the 
state, how is the land to be acquired and what shall be the nature and 
control of such tracts after their acquirement? Versonally, I have some 
very decided views upon the points which I hope to present at some other 
time. At present 1 merely suggest them as an evident part of any compre- 
hensive constructive forest policy, though not perhaps to be regarded as 


among the first steps in its initiation. 
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THe TAXATION oF Forest LANDS IN INDIANA. 


H. W. ANDERSON. 


The common argument against the preservation of woodlands by land- 
owners in this and other states similarly situated is that the land in timber 
is lying idle and that the taxes are “eating it up.’ Many farmers today 
would have a forty or sixty-acre woodlot had they not felt that the taxes 
on this land was wasted money. It is true that woodlands are often as- 
sessed at much below their actual value because the income from them is 
small, but unless there is marketable timber on the land there is no annual 
return, as in the case of yearly crops such as wheat and corn. 

Many business or professional men in our cities would like to own a 
piece of timber land where they could take their families for a few weeks 
in the summer or where they could go to hunt or camp. These men can 
afford to buy cheap land on which there is a growth of young timber 
which on account of its slow growth would not be of much actual value to 
the present owner, but would be a valuable piece of land in the future. 
Here again the problem of meeting the yearly taxes prevents the prospec- 
tive buyer from purchasing the land. The present owner of this land 
will probably cut down the young growth, plow up the ground and try to 
raise a few nubbins on it. 

Again there are lands in the southern part of the state which on ac- 
count of their untillable character might be purchased cheaply and be 
utilized for growing timber on a commercial scale if the taxes were properly 
adjusted. These lands for the most part are now supporting a scrub 
growth of useless trees and underbrush. 

In order to encourage the farmer and landowner to hold on to their 
woodlots or small forest lands and to encourage timber growing on a com- 
mercial scale there should be devised a system of taxation for such lands 
which would be fair to the other taxpayers of the state and yet not bur- 
den the woodlot owners with an unreasonable tax on land which is return- 


ing nothing to them at the present time. Many states, recognizing the un- 
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fairness of a general property tax on woodlands have so modified their 
taxation laws that this object may be accomplished. It is also true that 
the basis of taxation in one state may not apply in another, so that each 
state should make a careful study of the conditions within its bounds be- 
fore modifying its taxation laws. For example, some of the eastern states 
have townships and counties in which the larger per cent. of the land is 
covered with forests. To exempt these from taxation for a period of 
years would work a hardship on the remaining taxpayers of the township 
or county. In this state, however, we have no such condition to meet. 

A brief examination of the taxation laws pertaining to the forest 
lands in various states may be of interest. These facts were obtained from 
the “Report of the Special Commission on Taxation of Woodlands in Con- 
necticut.’ This report was made in 1913, so that it contains the latest 
available data on the subject. This report shows that the following four- 
teen states have made special laws in regard to forest taxation: Alabama, 
Connecticut, Iowa, Maine, Massachusetts, Michigan, Nebraska, New Hamp- 
shire, New York, North Dakota, Rhode Island, Vermont, Washington and 
Wisconsin. Thirty-four states have no special legislation but tax wood- 
land under the general property tax. 

Hight of the fourteen states mentioned above have laws which, being 
similar in nature, may be grouped under one head. These provide for an 
exemption of all taxes for a period ranging in the different states from ten 
to thirty years. There are usually conditions attached to these exemptions 
requiring certain care of the forest or the planting of certain species. 
Washington exempts all fruit trees and forest trees artificially grown, 
while North Dakota grants a bounty on forest planting. Iowa has a tax 
on the basis of a valuation of one dollar per acre for a period of eight 
years. Here the owner must meet certain conditions as to area of reserva- 
tion, number of species and care of trees. 

The laws of Michigan are especially interesting and will be dealt with 
in detail. This state has a yield tax law. It provides for the reserva- 
tion of a limited area. There must be at least 170 trees per acre. Grazing 
and the removal of not more than one-fifth in any one year are forbidden. 
‘Then there is levied a final tax of 5 per cent. of the valuation at the time 
of cutting. The main criticism of this law is the complicated machinery 
employed in the valuation and the collection of the taxes. No provision is 


inade for the larger forest areas. 
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Many states have appointed special committees or commissions to 
investigate the subject of forest taxation and to recommend measures to 
the legislature. In Massachusetts, Ohio and New Hampshire constitu- 
tional amendments were necessary to permit state legislation along this 
line. These amendments were made and adopted by the vote of the peopie. 
This is of special interest to us since I shall presently show that a consti- 
tutional amendment is also necessary in this state. 

Wherever commissions have been appointed to investigate this subject 
they have urged strongly the necessity of special legislation and have 
stated that the general property tax is not satisfactory in that it is unjust 
to the holder of woodland and gives uncertaility to forest investment. 

The recommendations made by the commission in Connecticut are 
especially important in that their investigations were made public after a 
thorough study of the taxation laws of this and Huropean countries. I 


shall quote them in full: 


“The Commission recommends the enactment of a law which will 
include the following provisions: 

*“(1) Separate classification of forest lands for the purpose of taxa- 
tion to be made on application of the owner, provided the value of the land 
alone does not exceed $25 per acre. Certificate of classification to he 
issued by the state forester after due examination as to compliance with 
requirements of the law. 

“(2) At time of classification. present true and actual value of land 
and standing timber to be determined separately, and valuation then 
established to be continued for a term of fifty years, with revaluations to be 
established at the end of that period and continued for a further term cf 
fifty years. 

“(3) When classified, natural forest land to be subject to tax at a 
rate not exceeding ten mills on both land and timber at the separate 
valuations established as indicated in (2), and a yield tax to be levied on 
the timber when cut, at a rate prescribed by law and varying with the 
time during which the land hss been classified. Such land when cut clear 
subsequent to classification, and reforested either naturally or by planting, 
to be reclassified as young forest under (4) if application for such reclassi- 
fication is made by the owner; otherwise the land to be taxed at the 
prescribed rate on the valuation already established for the whole property 
until end of the fifty-year period. 
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“(4) When classified, land planted with forest trees under specified 
conditions, or young forest not more than ten years old to be taxed annually 
at a rate not te exceed ten mills on a valuation of the land alone estab- 
lished as indicated in (2), and a yield tax of 10 per cent. to be levied on the 
value of the timber when cut.” 

The remaining recommendations apply only to conditions in Con- 
necticut and need not be given here. 

The system of taxation here recommended is based on sound forestry 
principles, and on the whole would be applicable to Indiana conditions. 
However this may be further simplified since the object of levying a small 
land tax in Connecticut is to preveut impoverishment of those townships 
where there are large areas of forest, a condition which does not exist in 
this state. A reasonable yield tax is all that is required in Indiana. 

The ideal system of taxation is that used in many Huropean countries, 
i. e.. the income tax. In this connection I wish to quote from a recent 
article by Professor IF’. R. Fairchild of Yale University : 

“There is a tendency among the progressive states of Europe toward 
agreement upon the general outline of tax system. As a rule the tax 
systems of European states are based primarily upon income, rather than 
upon property as in the United States. The general income tax is normally 
the basis of the system; the tax is usually progressive, the rate increasing 
With the size of the income. 

“Torests in Europe are ordinarily subject to state taxation and to local 
or communal taxation. As a rule forests are subject to one or more of 
three important taxes: (1) the income tax, (2) the ground tax, and (3) 
the property tax. 

“The Ground Tax.—The ground tax is a yield tax. It is based upon 
the productivity of the soil and is measured by the yield which is normally 
to be expected in view of the general character of the soil and the use to 
which it is devoted. It is not based upon the actual income received from 
any particular piece of land. No account is taken of the peculiarities either 
in the management of the property or in the personal situation of the 
owner. Having determined the quality of the soil and the general char- 
acter of the forest stand, it is assumed that the management is the same 
as normally prevails in that region. Also when the prevailing kind of 
wood and management have been decided upon, no account is taken of 
peculiarities in the condition of a particular forest. The owner who, by 
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careful management keeps his forest in unusually good condition pays no 
extra tax on account of the increased yield resulting. . . . In determin- 
ing the money value of the yield, use is made of the average prices of 
timber and other forest products which have prevailed during a number of 
past year's. 

“On account of the difficulties inherent in the ground tax, this form 
of taxation has generally declined in importance. In only a few states 
today is the ground tax the principal method of taxing forests. In most 
progressive states the ground tax remains only as a supplementary tax in 
a system based primarily upon other methods of taxation. 

“The Income ‘T'lax.—Most European states haye &s a more or less 
important part of their revenue system a general income tax. This is a 
tax upon incomes from certain specified sources which inelnude pretty; much 
wJl important sources of income. The income from forestry is subject to 
the income tax where such a tax exists. . 

“The income tax, unlike the ground tax, is a personal tax. Instead of 
assuming a certain normal incnme, as is done under the ground tax, the 
income tax takes account of the actual income received by the individual 
in question from the particular source specified. 

“The rate of the income tax varies with the size of the income and is 
different in different states. It is seldom that the maximum rate exceeds 
5 per cent.” 

We cannot hope to have these ideal systems of taxation for some time 
to come, so it is best to look toward the modification of our present system 
in order to make it more just and tolerable. 

Our woodlands are a yaluable asset to the state and it is our duty te 
see that everything is done to conserve them. An attempt has been made 
by the speaker to show that our present system of taxation is unjust towara 
the owners of woodland and should be changed. Unfortunately our consti- 
tution provides for a general property tax. Section 1, Article X, states 
that “The general assembly shall provide by law for a uniform and equal 
rate of assessment and taxation.” It would, therefore, be necessary to 
have an amendment to our constitution to cover this matter. Other states 
have accomplished this and there seems no good reason why it cannot be 
done in this state. 

However it is not the purpose of the speaker to go further in this 
matter than to urge the appointment of a commission by the Governor of 


Indiana for the investigaticn of the conditions in this state and the recom- 
mendation of some plan whereby the woodlands of the state may be more 
justly taxed. As a scientific body interested in this question we should 
represent to the proper authorities our desire for the appointment of such 


a commission in this state. 
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FORESTS AND F'Loops. 


kK. M. ANDREWS. 


The relation which forests bear in mahy ways to the flow of rivers is a 
question of the utmost importance to the whole country. When one 
observes what has been and still is being done in most parts of the United 
States toward forest destruction it seems strange that the people, as a 
whole have been so slow in waking up to the seriousness of the situation. 
Only within very recent vears is the public beginning to realize that the 
forests are yanishing rapidly and that they are confronted by a serious 
problem. They have destroyed the vast forests of this country apparently 
with no thought or regard for the consequences. Now they are beginning 
to reap the reward of their shortsightedness in a score or more ways. 
Ohief among the results caused by the continued removal of the forests is 
the frequent recurrence of floods which become more and more destructive. 
There have been and perhaps still are some people who believe that the 
forests are inexhaustible. How such belief can exist at the present, in 
view of such evident disappearance of forests everywhere is very surpris- 
ing. A less commendable attitude than this apparent ignorance is the 
position some assume that there will be timber enough in the country 
during their lifetime and that therefore they need not concern themselves 
as to the future. A great service, however, for the preservation of our 
forests and their proper management has been performed by the admirable 
work of the Forestry Department of the United States Government. Excel- 
lent work also has been rendered by the various forestry schools of the 
different institutions and by farsighted individuals the country over who 
have seen the impending dangers and have endeavored by means of educa- 
tion and by timely counsel and advice to avert the dire consequences 
resulting from the wholesale destruction of the forests. 

Within recent years special and important studies have been made in 


order to ascertain to what extent the flow of various streams is denendent 
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on forests' and surface conditions in general. Hall and Maxwell in 
their study gathered together the data for a number of rivers from 
records which had been kept for sixteen to thirty-four years. The follow- 
ing data, taken from their table on page 4 of Hall and Maxwell’s papers, 
will furnish proof that floods are on the increase. 

The Potomac River was measured at Harper's Ferry, Va. It drains u 
basin of 9,363 square miles. In the first period of record (1890-1898) of 
nine years there were nineteen floods lasting thirty-three days. There 
were 1,351 days of low water. 

In the second period of record (1899-1907) of nine years there were 
twenty-six floods lasting fifty-seyen days. ‘The increase of rainfall in the 
second period was only .13 of an inch per year. Days of low water 1,693. 

The Monongahela River was measured at Lock 4, Pennsylvania. It 
drains a basin of 5,480 square miles. 

In the first period (1886-1896) of eleven years there were thirty floods 
lasting fifty-five days. There were 912-days of low water. 

In the second period (1897-1907) of eleven years there were fifty-two 
floods lasting one hundred days. There were 979 days of low water. The 
rainfall decreased only .O8 of an inch per year. 

The Cumberland River was measured at Burnside, Ky. It drains a 
basin of 3,759 square miles. 

In the first period (1890-1898) of nine years there were thirty-two 
floods lasting eight-nine days. There were 1,261 days of low water. 

In the second period (1899-1907) of nine years there were forty-three 
floods lasting 102 days. There were 1,576 days of low water. The rainfall 
decreased .54 of an inch per year. 

The Wateree River was measured at Camden, 8. C. It drains a basin 
of 5,185 square miles. 

In the first period (1892-1899) of eight years there were forty-six 
floods lasting 147 days. here were 1,164 days of low water. 

In the second period (1900-1907) of eight years there were seventy 
floods lasting 187 days. There were 508 days of low water. The rainfall 
increased .25 of an inch per year. 

The Savannah River was measured at Augusta, Ga. It drains a basin 
of 7,800 square miles. 


1Toumey, James W. The Relation of Forests to Stream Flow. Yearbook of the Departments 
of Agriculture, 1903, pp. 279-288. 
* Hall, Wm. L. and Maxwell, Hu, Forest Service Circular 176, 1910, 
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In the first period (1890-1898) of nine years there were forty-seven 
floods lasting 116 days. There were 566 days of low water. 

In the second period (1899-1907) of nine years there were fifty-eight 
floods lasting 170 days. There were 292 days of low water. 'The rainfall 
decreased .17 of an inch per year. 

The Ohio River was measured at Wheeling, W. Va. It drains a basin 
of 23,820 square miles. 

In the first period (1882-1894) of thirteen vears there were forty-six 
iloods lasting 145 days. There were 1,338 days of low water. 

In the second period (1895-1907) of thirteen years there were fifty- 
nine floods lasting 188 days. There were 1,609 days of low water. The 
rainfall decreased .1- of an inch annually. 

The cata here cited for the above mentioned rivers is also true for 
many other streams, but these will serve as good examples of what has 
been and is taking place wherever deforestation has occurred. In such 
rivers as the Ohio, Cumberland, and Wateree, changes are most conspicuous, 
and it is in these that most of the forest has been removed, while least 
change appear in those streams where most of the forests remain.® 

This state of affairs is what we should expect, but the data given for 
the rivers referred to proves this by direct observation and leaves the 
matter no longer a question of guesses or opinion. 

From what has just been said it is certain that as deforestation prog- 
resses floods will, with equal amounts of precipitation, become more fre- 
quent and increase in severity. To be sure, there are other factors that 
enter somewhat into any consideration of the cause of floods. Among 
these may be mentioned rainfall, season of the year and temperature, 
character of the soil, presence of lakes which might impound a good part 
of the “run-off” temporarily and afterwards gradually supply it to the 
streams, and thus while at first preventing flood afterwards lessen the 
lengthy periods of low water. Also the question of whether the land is 
nearly level or very hilly and steep is important. A heavy precipitation 
might do no damage whatsoever in the former case, whereas in the latter 
among steep and deforested land the destruction might be appalling. 

But after we have considered all these points and many others that 
might be mentioned, the fact remains that the chief cause of the frequent 


* Hall, Wm. and Maxwell, Hu. Torest Service Cireular 176, p. 3. 
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and destructive floods in this state and elsewhere is the wholesale destruc 
tion of the forests. 

Another proof of the efficiency in controlling the “run-off” has been 
furnished by Toumey.t He made 2 study of a number of small areas with 
reference to precipitation and run-off in the San Bernardino Mountains, 
California. He found in every case that the forest had a very decided 
effect in regulating the run-off of the water and in the regulation of stream 
flow. In this way the forests of southern Indiana especially have been of 
zreat value. Within the last quarter of a century by far the greater part 
of the Indiana forests have been removed, so that now but few areas of the 
primeyal forests remain. That rain therefore, which falls, has in most 
cases, nothing on the steep soil to check it and disastrous floods are the 
result. 

In the forest the heavy rain is first checked by the large trees and 
their foliage. From these the water next falls to the smaller trees and 
bushes, then to the thick carpet of leaves. The lower part of this bed of 
leaves is in partial decay and here again much of the water percolating 
through is temporarily arrested. T’rom here the water is further arrested 
by the generally deep humus soil. In this way even most long-continued 
and heavy rains are effectually checked and a disastrous flood cannot well 
occur in a region possessing such a covering of the land. In addition most 
of the water which is checked in this way instead of rushing off as on 
barren land, gradually runs or seeps away, thus regulating the flows of 
streams and maintaining the nearly even and continued flow of springs. 

There have been later floods in the Ohio River than the one of 1907, 
and the same applies to the streams of Indiana, due to deforestation which 
has taken place wherever timber was available. 

A recent and severe penalty due mostly to reckless deforestation was 
given the state of Indiana and the whole Ohio valley in the disastrous 
flood of the Ohio River and its tributaries in the spring of the present 
year. This equaled or surpassed in some places the record of any previous 
flood and was especially remarkable for the suddenness of its appearance. 
The precipitation over much of Indiana and the Ohio valley in general 
Was enormous and much above the average. For example Reynolds’ states 


‘Toumey, James W. The Relation of Forests to Stream Flow. Yearbook of the Department 
of Agriculture, 1903. 


5 Reynolds, Robert U. R. The Ohio Floods: Their Cause and The Remedy. American For- 
estry, May, 1913, p. 288. 
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that from March 23 up to the morning of the 27th, Bangorville, Ohio, bad a 
total of 9.50 inches (the normal rainfall for the whole month of March at 
that place is 3.93 inches); Marion, Ohio, 10.60 inches (normal for the 
month 3.51 inches); Bellefontaine, Ohio, 11.16 inches (monthly normal, 
3.79 inches). 

In the state of Indiana, in places, at least, the precipitation was even 
greater than in those just mentioned for Ohio. For example at Blooming- 
ton, Indiana, on March 25th. 6.56 inches® of rain fell, and for the month of 
March 13.3 inches. The normal rainfall for Bloomington for March is 
about 3.91 inches. The 6.56 inches of rainfall on March 25th, which was 
probably equaled or excelled in other states, occurred to a greater or less 
extent over at least half of the state of Indiana. This immense volume of 
water from an area in Indiana of about 18,175 square miles rushed away 
from the deforested hills unimpeded. As a result almost every stream in 
the state was immediately flooded far beyond its banks and every movable 
object washed away. It is probable that with such huge and sudden precipi- 
tations as occurred in March of 1913 the floods would not have been entirely 
prevented if the region affected had been covered by a dense forest. It 
would have prevented, however, most of this great flood and at the same 
time have prevented all or nearly all of the destructive results. If the flood 
during the spring of 19153 had occurred in winter, when the ground was 
frozen hard and covered with a deep snow, the results would have been 
appalling beyond deseription. Under such conditions in the deforested 
area the show would soon have been melted and have added to the volume 
of water. The frozen soil could not have absorbed any of the water; little 
forest remains to have checked the flow in any way, so that the crest of the 
flood would have been higher and the extent of its destruction would have 
been much greater than it was. Yet this is exactly what Indiana and 
other states may expect sooner or later. Another great flood like that of 
1913 might occur says Reynolds’ “within the next decade, especially if, as 
asserted, we are now passing through a cycle of wet years.” Under present 
conditions, however, with the greater part of the forests gone, and their 
destruction going rapidly on, we can easily see that heavy and sudden 
precipitations of equal intensity to those just referred to will cause greater 


floods and bring greater hayoc than before. Floods are frequently fol- 


6 Government Station Report for Bloomington, Ind., March 25, 1913. 
7 Reynolds, Robert U. R. The Ohio Floods: Their Cause and The Remedy. American For- 
estry, May, 1913, p. 288. 
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lowed by serious drouths, such as the one of this year, frequently finishing 
the destruction of much that the flood may have left. In southern and 
southeastern Indiana Culbertson’ states that “less than iO per cent. of the 
oviginal forest areas are still left intact.” and the original forests that do 
remain have in most instances “not more than 30 per cent. of their forme 
number of trees.” Other parts of the state that were forested are about 
in the same condition. Culbertson’ also draws attention to “the gradual 
lowering of the ground water leyel in all porticns of the State” and the 
results of such a disastrous state of affairs. Culbertson’ also points out 
for the southern part of Indiana which he studied that many “streams 
that thirty years ago furnished abundant power for mills during ten 
months of the twelve now are even without flowing water for almost half 
the time.’ The same state of affairs exists in most of the other deforested 
parts of Indiana. It is not at all difficult for one to recall springs and 
streams that ran vigorously the entire year but which now are either 
inactive or else run only during the wet season. 

Erosion is generally one of the most conspicuous and damaging results 
of a flood in a deforested region. In foreign countries which have been 
deforested for a long time, as for example China, great damage has been 
done. The same thing I have seen in Italy, a part of whose once forested 
surface is badly cut up by the rush of unchecked floods. But in this 
country, especially in the sonthern part of Indiana, erosion is very evident 
and bottum lands that were not eroded have been damaged or renderel 
useless by debris and stones carried down from deforested hills. 

A statement from a United States bureau" shows some of the results 
of erosion. “According to the latest determinations (beginning with the 
Classic measurements of the Mississippi by Humphreys and Abbott) the 
rivers of the mainland United States are annually pouring into the seas 
fully 1,000,000,000 tons of sediment. This sediment is carried partly in 
solution but chiefly in suspension, in the 35,000,000,000,000 cubic feet or 
more of river water drained from the United States and is additional to 
the coarser detritus pushed or rolled along the sides of the swifter streams. 
The volume of material thus lost to the land is increasing with settlement 
and eultivation; it is almost wholly washed from the surface and is the 

‘Culbertson, Glenn. Deforestation and Its Effects Among the Hills of Southern Indiana. Ninth 
\nnual Report of the State Board of Forestry, 1909, p. 63. 
Cine Oo: 


07. C., p. 74. 
'\ Yearbook of the Department of Agriculture, 1907, p. 82. 
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very richest soil material, the creain of the soil. ‘he value of the material 
is uot easily fixed, but at a moderate appraisal the annual loss would 
exceed all the land taxes of the country. Besides impoverishing the soil, 
the sediment pollutes the water, reducing their value for domestic and man- 
ufacturing purposes and endangering the lives of those compelled to use 
them, and causing streams tc scour their channels and build bars; and 
through scouring and building it compels the lower rivers to shift and 
overflow, thereby reducing the value of fertile bottom lands. However 
estimated the loss is enormous, and the chain of evils resulting from fhe 
annual erosion of this billion tons of soil is long and complex and leads 
directly back to the farm.” 

How easily and rapidly water may transport objects with the increas- 
ing swiftness of the current is seen from the following experiment given 
by Page’: “It has been found by experiment that a current moving at the 
rate of three inches per second, will take up and carry fine clay; moving 
six inches per second, will carry fine sand; eight inches per second, coarse 
sand, the size of linseed; twelve inches, gravel; twenty-four inches, peb- 
bles; three feet, angular stones of the size of a hen’s egg.” 

“Tt will be readily seen from the above,’ says Le Conte’, “that the 
carrying-power increases much more rapidly than the velocity. For instance, 
a current of twelve inches per second carries gravel, while a current of 
three feet per second, only three times greater in velocity, carries stones 
many hundreds of times as large as grains of gravel.” “A current” run- 
ning three feet per second, cr about two miles per hour, will move frag- 
ments of stone the size of a hen’s egg, or of about three ounces’ weight.” 
Then frem the law established we say" “a current of ten miles an hour will 
carry fragments of one ard a half ton, and a torrent of twenty miles an 
hour will carry fragments of 100 tons’ weight. We can thus easily under- 
stand the destructive effects of mountain-torrents when swollen by floods.” 

Hall and Maxwell’ state that “when the slope exceeds 10 per cent., 
cultivation does not long go on before erosion sets in, and erosion if un- 
checked will remove the soil and gully the surface until all fertility has 


2 Pa e’s Geology, p. 28. Quoted by Joseph Le Conte in his Elements of Geology, Fourth Edi 
tion, pp. 18-19. 

13 Le Conte, |. c., p. 19. 

14 Le Conte, |. c., p. 20. 

15 Hall, Wm. L. and Maxwell, Hu. Surface Conditions and Stream Flow.—Forest Service Circu- 
ar 176, p. 10. 
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gone and all productive power is lost.’ And further Culbertson” says that 
in southeastern Indiana “contrary to what might have been supposed, a 
larger per cent. of the steep hill slopes has been cleared than the land of 
the more level regions.” In such a case as this just the reverse method 
of clearing the forests as to location should have been followed for reasons 
above stated. 

One of the ways in which large amounts of forest trees are destroyed 
is for railroad ties, and enormous numbers of them are required. Brisbie™ 
states that “to build 71,000 miles of railway required 184,600,000 ties. Ties 
have to be replaced every seven years. As every one knows, railroad ties 
are cut from young timber, the trees being from eight to twenty inches in 
diameter, and this demand strikes at the very source of our timber supply.” 
“The number of cross-ties in use on the railroads of the United States is 
estimated to be about 620,000,000; the number used annually for repairs 
and for extensions of track is estimated to be from 90,000,000 to 110,000,- 
000, requiring. we may say, the entire product of 200,000 :cres of woodland 
annually.” So rapid has been the consumption of timber for ties and the 
exhaustion of the supply so apparent that some years ago the Pennsylvania 
Railroad Company began to plant trees from which later on to get its ties. 
For railroads to do this is a rather late plan. Notwithstanding some views 
to the contrary, iron ties ought to be used and probably will be used in the 
future. About the year 1888 the fences of the United States were valued 
at “$2,000,000,000," “and it” cost then “$100,000,000 annually to keep them 
in repair.’” These and other causes aside from lumbering show the waste 
of timber which years ago could have been practically prevented by the 
use of other and better materials. In most instances if the timber removed 
from the land and wasted were now available it would exeeed in value that 
of the land. 

In 1909 there were 48,112” saw mills being operated in the United 
States. Of these in 1910 there were 1,044° in Indiana. These mills vary 
much as to capacity, but the daily output of all is enormous. ‘Timber is 
today being cut into lumber that a quarter of a century ago in Indiana 
would in many cases have been rejected as fuel. In addition we have in 

‘© Culbertson, Glenn. 1. ¢., p. 63. 

17 Brisbie, James S. Trees and Trees-Planting. 1888, p. 9. 

‘8 Filth Annual Report of the State Board of Forestry, 1905, p. 209. 
'* Brisbie, James 8., |. ¢., p. 9. 


2° Elliott, Simon B. The Important Timber Trees of the United States, 1912, p. 10. 
1 American Forestry, 1913. 
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Indiana as elsewhere the veneer-mills, that are able, however, to cover up 
a multitude of sins. 

Following deforestation comes, sooner or later in this country, the 
proverbial forest fire which completes the destruction by killing the small 
trees and destroying the possibility of the future forest. It is not neces- 
sary to discuss the results of such fires further than to state that locomo- 
tives generally cause most of such conflagrations, and consequently steps 
are being taken to have the trains in some places, as in parts of Canada, 
run by electricity. Spark arresters are a failure. In 1909 it was estimated 
that in Indiana the annual loss from forest fires was $175,00027 and this 
seems to be a very conservative estimate. For the prevention of fires in 
Indiana some laws have been enacted and in every possible way those in 
charge have endeavored to lessen the danger. Kfforts to pass more favor- 
able laws for forestry have been attempted in {ndiana, such as exemptiou 
from taxation, but this ‘failed because it could not be done constitution- 
ally." It would be well if the cutting away of the forests could be con- 
trolled by law. For instance it is a serious mistake to allow anyone to buy 
a stretch of forest, especially in hilly districts, then to move in a sawmill 
and cut out all the available timber without regard to reforestation or 
results, and then finally to sell the land for what it will bring or to allow 
the soil to wask away. In some foreign countries the removal of forests 
is contrelled. In France, for example, even years ago an owner was not 
allowed to remove forests on his land without ‘four months” notice it 
advance. ‘The forest service may forbid this clearing in case the main- 
tenance of the forest is deemed necessary upon any of the following 
grounds: 

“1. To maintain the soil upon mountains or slopes. 

“?. To defend the soil against erosion and flooding by rivers, streams 
and torrents. 

“3. ‘To insure the existence of springs and water courses. 

“4. 'To protect the dunes and seashore agininst erosion of the sea and 
the encroachment of moving sands. 

“). For purposes of military defense. 

“6. For the public health.’ 
Tenth Annual Report of the State Board of Forestry, 1910. 
°3 Fifth Annual Report of the State Board of Forestry, 1905. 


24 Pinchot, Gifford. Publications of the American Economie Association, 1891, Vol. 6, pp. 214 
and 215. 
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Germany and Switzerland also maintain a wise control over their 
forests. Similar protection of the forests of this country should be 
enacted. One very noticeable thing in this state and country is the 
extreme waste of the forest resources. ‘This is seen from the time the tree 
is cut in the woods until what remains of it is issued in the finished 
product. 

This is not the case in some foreign countries, and should serve as ¢ 
useful lesson to the state. Great service has been rendered to the state 
already by those who have worked to have the present Indiana forestry 
laws enacted and by those who by instruction or advice have eudeayored 
to further the cause of forestry in Indiana. 

Notwithstanding the presence of other factors which may help to 
produce or prevent floods, the fact remains as has been sufficiently out- 
lined in this paper by various examples, that deforestation is by far the 
greatest cause of floods. The examples have shown that where forests are 
present floods are practically absent, and as the forests are remoyed the 
floods become more numerous and destructive. 

Probably the most thorough study thus far of any single stream in 
this respect is that made by M. O. Leighton® for the Tennessee River. 
The same state of affairs exists in Indiana, and every effort should be put 
forth to remedy the danger. The one great element of success will lie in 
the proper education of the public to the disastrous results of reckless 
deforestation and the benefits of forest preservation. As Jilliott well says: 
“Probably our forests are in no worse condition today than those of Ger- 
many and France two hundred years ago, when those nations began refor- 
estation. Success crowned their efforts and should ours, if we put forth 


the same endeavors.”*” 
* Leizhton, M. O. Floods in the United States. Cited from Hall and Maxwell, |. c., pp. 5-6. 
*6 Elliott, Simon B., le. p. 13. 
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Tue RELATION OF County TUBERCULOSIS HOSPITALS TO 
CONSERVATION OF PusBLIc HEALTH 


JAMES Y. WELEORN, M. D. 


The broad subject of conservation, although in its infancy, is far 
reaching in its achievements. Like all innovations, appearing at first as 
current events, gradually enveloping established customs, making history 
for an epoch, this idea has grown. 

The preponderance of forces necessary for any custom, event, political 
or social decree, upon which a nation reaches a destiny, has, as an essential 
for success, to be presented at such an opportune time as to arouse this 
nation’s people to a keen interest. The time, the place, the demand and 
the recognition are all essential forces for any substantial movement. 

The phase of our subject I proclaim to be of the greatest importance, 
because in conserving the health of the people, we thereby promote condi- 
tions for a more perfect physical being necessary to reach a goal of ideal 
perfection. This is true because upon the public health depends the degree 
of success in arts and sciences and the good spirit of the human race. Tt 
may also be added, in the language of Ex-Governor Marshall, “That upon 
the public health rests the state of the morals of the people.” 

Now, how do the County Antituberculosis Society movements conserve 
public health? 

First, by an education; teaching sanitary science and preventing 
loathsome disease. An example of this is demonstrated by the foltowing: 
A patient of an ordinary family is treated in the hospital. While there, 
receiving visits from other members, they learn that to eradicate flies and 
mosquitoes is a means of saving doctors’ and druggists’ bills, by prevent- 
ing malaria and other diseases. They are cited to the necessity of de- 
stroying all sputa and dejecta from the body as a means of self-protection. 
They are shown, to some extent, at least, how to select foods, as to variety 
and purity, and there are innumerable items to be learned. relative to 
sanitary conditions. 

Second, presenting to the people a plea that vice, excesses, loathsome 
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habits and poisons are dangerous to good health. Various examples can 
be pointed out—for instance, late hours, alcohol and tobacco, which are 
prime factors in precipitating severe cases in many of our young men 
patients. When they are set up as examples to the observing public it 
often astonishes them as something they had not before thought of. I 
must also emphasize that when the society is urging all these teachings it 
forces many negligent physicians to realize the necessity of more strict 
orders to their patients. 

Third, by teaching economy in caring for such victims, thereby resery- 
ing forces to be utilized in aggression rather than defense. With resultant 
effect of the facts in the first and second, there is the beginning of economy, 
which effects are tremendous in the end, for every case of prevention is the 
means of saving thousands of dollars, which if saved for other pursuits of 
the proper kind must broaden the field of attainment by a people physically 
more able to do work than those weakened by personal or family sickness. 

Fourth, that life may be sustained over the disease which has long 
heen thought to be fatal. There are now hundreds of strong working peo- 
ple in the State of Indiana who, if they had not had the intelligent advice 
and treatment of the society workers, would have been sleeping under sod 
waiting for other yictims of their own infection who were serving their 
days of invalidism. 

The growth of the movement by local organizations has brought about 
the idea that a united effort is necessary to accomplish the foregoing. As 
a result, in our state we now have statutes giving power to county com- 
missioners to establish county hospitals for tuberculous (indigent) patients, 
or to contract with county organizations for the care of such patients. This 
enables charitable organizations to conduct more successfully the institu- 
tions they are establishing. In fact, if this law had not come into effect, 
publie charity could not support the crying demands. Such a failure would 
gradually burden the cheerful donor, and baffle the philanthropic workers. 
When such cooperation exists, civil and charitable forces are also sup- 
ported by individuals able to pay small but reasonable sums for attention, 
instead of great amounts necessary in seeking distant health resorts, I will 
suggest that cooperation in this state, will enable each group of people te 
learn the most conservative methods to be employed in this branch of 
work. A monthly state journal should be published, in which the workers 


of this state can embody system and cooperation of efforts. 
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PLAYGROUNDS AND RECREATION CENTERS AS FACTORS IN 
CONSERVATION OF HUMAN LIFE. 


Dr. W. A. GEKLER. 


The enormous industrial development of this country in the past 
thirty years has brought with it the serious problem of devising some 
means whereby the harmful effects of factory labor and the crowding of 
workmen and their families into tenements and the districts about the 
factories may be counteracted and corrected. Our own native-born popu- 
lation, as well as the largest proportion of the immigrants that come to 
our country, have been forced to adapt themselves to a manner of life 
which is entirely different from that to which they have been accustomed. 
The child growing up in these surroundings, as well as the adult worker, 
needs besides proper food and properly constructed dwelling houses the 
playground and recreation center to preserve not only the physical but the 
moral health of the class to which he belongs. 

The conservation of the life and health of our population cannot be 
attained through sanatoria and hospitals. From a business standpoint it 
is very poor policy to build institutions to repair damage that has been 
done and then not take the necessary steps of prevention. Although we 
will never be able to eradicate diseases entirely there is a possibility of a 
great reduction in disease, and with it a lengthening of the average life 
of the individual. We need more than good housing conditions, a living 
wage, pure food and proper sanitary conditions in our factories to bring 
about these things. : 

Recreation and piay are as necessary for the physical well-being as 
are some of these other things just mentioned. The growing chiid needs 
them for the proper development of his body and the adult needs them to 
keep his body in a healthy condition. Although the prevention of in- 
fectious diseases is in the last analysis a question of quarantine, the physi 
cal condition of the individual plays a very important part in every in- 


fectious disease. As long as the community must suffer through the sick: 
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ness or death of a worker it is very plainly the duty of the community to 
take the necessary steps of prevention. The playground is one of the 
necessary means of prevention of disease and has already proven its worth 
in those communities where it has been given a trial. 

The recreation center should be an important factor in the proper 
education of our workers in the Inws of hygiene and health. The igno- 
rance of the average person concerning the facts of health and the early 
manifestations of such diseases as tuberculosis, cancer and occupational 
diseases is in no small way responsible for the large number of incurable 
invalids which our community has to support. It has been estimated that 
tuberculosis kills almost one-third of our workers who die between the ages 
of twenty and thirty-five, and it is the experience of nearly all who have 
much to do with the treatment of tuberculosis, as well as the other dis- 
eases mentioned, that a large proportion of our incurable cases have 
applied to the physician for help and advice only after the disease has 
progressed to a point where relief or cure are impossible. 

The factory and those conditions which have arisen in the growth of 
our present industrial system have affected not only our public health, but 
also the moral tone of the community. The church as it exists today is 
searcely able to cope with the moral problems which have presented them- 
selves, and it has been found that the moral and physical problems are 
very closely bound together. The natural desire of the average worker, 
and we might as well say his need, for play and recreation has had to be 
satisfied at the saloon, pool-room, cheap theatre or on the street. The 
enormous increase of crime and degeneracy in the past few years has 
shown that the effect of, at least, some of these agencies has been to work 
great harm to the individual and finally through him to the community 
at large. 

The individual needs not exhortation to refrain from doing those 
things which are harmful to him morally and physically, but an oppor- 
tunity to satisfy his needs for recreation and play in a way which cannot 
have this harmful influence. The tendency of the average person when 
given a choice between the good and the bad is to instinctively choose the 
good, when he once understands it. The experience of the settlement 
houses and Y. M. C. A.’s over the country is abundant proof of this. Con- 
ditions have now become so that it is the duty of the community to make 


the playground and recreation center a part of its regular activities as 
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well as the public school and library system. This work should no longer 
be left to public charity and the philanthropy of wealthy individuals, which 
of its very nature repels the self-respecting worker who cannot accept 
charity without sacrificing a part of his self-respect. The playground and 
recreation center should be built and maintained out of the taxes of which 
he pays his share, so that he will take advantage of these things as his 
own and not the gift of those to whose wealth his work has contributed. 
Let the playground and recreation center be combined with our public 
school and library for the physical well-being of the community as well as 
its education. Make the influence of this combined institution broad enough 
and free enough to reach all of our workers. Then with proper housing, 
pure food, a living wage and hygienic surroundings in the work shop and 
the factory our playground and recreation center will complete the steps 


we must take for the conservation of human health and life. 
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Pusitic Torets, Pusuic DRINKING FOUNTAINS AND 
PusLic SPITTING IN RELATION TO THE CONSER- 
VATION OF HUMAN LIFE. 


3. M. HILLiIArp. 


Public supplies and public conveniences are always public dangers, 
and for two reasons: they may affect large numbers of people, and they 
are always beyond the control of the individual who is obliged to use them. 
The municipality and the state has, therefore, a grave duty; viz., to contro] 
and to supervise public commodities of all kinds. 

We no longer believe that disease is the result of the “malice ef Satan,” 
ora “rebuke of God,’ but rather consider it the result of personal or public 
ignorance and neglect. Decomposing potatoes and pin-holes in the sewer 
pipes are no longer believed by intelligent people to be the cuuse of typhoid 
fever, but every ness case is new evidence of deficient civilization. In- 
fectious diseases are caused by living germs and these parasitic germs live 
and grow only within the body of man, for the most part. They perish 
quickly in the harsh external environment. For the continuation of infec- 
tious diseases it is necessary that a more or less direct transfer of fresh 
nasal, oral, urinary or alimentary excretions from one body to another 
susceptible body take place. The body must be frequently freed of these 
accumulations of wastes, for just as wastes in a community may “breed” 
ill health and nuisance, so much more important is it to rid the cell com- 
munity—the body—of its wastes. 

The problem of public sanitation is two-fold. First, it must reduce to 
a minimum the possibilities of transfer of the germ-laden body excretions 
from person to person. Secondly, it must provide every public need and 
commodity that tends to raise the vital resistance of the people. There is 
no more potent force tending to good health than the condition of the body; 
its resistance to variable external conditions and parasite inyasions 
depends upon this general health tonus. 

Toilet facilities should be furnished by railroads, hotels, bars, amuse- 


ment places as theatres, fair-grounds, etc., and by municipalities in fre- 
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quested public places as squares, playgrounds and especially public schools. 
A sniff of, or a glance at the accommodations offered the public in rail- 
road stations or theatres in many instances is argument enough against 
conditions as they exist about us. 

Public toilets may be exchange places of disease germs. Evidence is 
not lacking that epidemic disease frequently spreads from these centers. 
Occasional cases of yenereal disease or even of intestinal disease may be 
traced to toilets. Trachoma and various infections are transmitted from 
person to person by the common roller towel. The indirect effect of inade- 
quate facilities and revolting toilets, making it impossible or undesirable for 
people to free the body of its wastes, and hence affecting the resistance of 
the body, is much more important than the direct transmission of disease 
germs in this case. A nation’s or a town’s refinement, education and mor: 
ality may well be noted by the comfort, privacy and inviting facilities it 
offers to its inhabitants for the evacuations of the body. It is beyond the 
scone of my paper to indicate the dire effects resulting from improper fune- 
tioning and improper attention to this important need. Suflice it to say 
that many so-called functional diseases as liver and kidney trouble, fre- 
quent headaches, intestinal disorders and other disorders are frequent 
sequelie due to neglect of ridding the body of its wastes. The impairment 
of the functioning of these vital organs tears down the general normal 
barriers to infectious diseases and so indirectly, lack of sufficient and in- 
viting toilets is a cause of much sickness, suffering, and even of death. 

The public drinking cup has been condemned because it affords an 
ideal vehicle for the mutual exchange of saliva. People who will laugh 
heartily at the joke when you suggest “swapping gum” serenely follow you 
to the public fountain and mouth the cup directly after you and dozens of 
others. In 1909 Kansas, Michigan and Mississippi first adopred regulations 
against the use of the common drinking cup in schools and railroad trains, 
and now several states, including Wisconsin, Massachusetts and California 
have legislated against this disease distributor. 

As with toilets, the problem of public drinking facilities involves a 
question of direct transfer of disease virus and one of general body condi- 
tioning. it is a simple matter to demonstrate mouth epithelial cells and 
mouth streptococci on the edge of the publie drinking cup, and it is obvious 
enough that disease germs are always potentially present and may pass in 


a few minutes, or even seconds from the mouth of the incipiently sick or 
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convalescing, or the healthy “carrier” of diphtheria, scarlet fever, tuber- 
culosis, pneumonia, tonsilitis, mumps. whooping-cough, measles, infantile 
paralysis, common colds or other infectious diseases into the mouth of the 
healthy, willing susceptible. 

The normal functioning of the body is absolutely dependent upon 
abundant water being furnished the system, and a deficiency leads to 
general ill health and lowered resistance. Abundance of water is almost 
as important as purity of water. Sufficient and attractive facilities as well 
as clean water offered from sanitary devices should be furnished the public. 

The war against public spitting has been vigorously and efficiently 
waged for some time now and with undoubted good results. Just what the 
relative importance of large masses of sputum thrown into the environ- 
ment is when contrasted with saliva exchanges that take place in more 
obyious and direct ways on things smeared either directly by the lips or by 
the fingers moistened with saliva, I do not venture to state. Our epidemio- 
logical evidence and our laboratory findings seem to be opposed to the 
theory that disease is very generally spread through the medium of the 
air. Sputum thrown upon the sidewalk or in the hotel lobby drys slowly 
as a rule and tends to adhere to the surface upon which it is dried. The 
dryness, light, time and other factors are germicidal and the disease germs 
present, especially, tend to quickly perish. Saliva deposited on food by the 
cook or waiter, on pencils exchanged by children in school, on street-car 
checks by conductors, on soda glasses, trolley straps, the leaves of books 
and a multitude of things that we come in contact with in the daily routine 
seems to find a more direct route and gives ample room for explaining 
obscure endemic cases of disease of the respiratory tract. For my part, I 
had ratber have the car conductor spit on the floor than deposit a lesser 
amount on the check he hands me. I believe it is high time our anti- 
spitting league took on a new, broader work and began an anti-saliva cam- 
paign. Spitting may, and undoubtedly does spread disease. It is a vile 
habit and should be prohibited. The campaign against it will raise the 
public opinion of cleanliness and civic responsibility and will tend to im- 
prove the sanitary tone of a community. 

The phenomenon of improved municipal health following the substitu- 
tion of a pure or purified water supply, for a polluted supply is too common 
to need illustration. Other sanitary improvements, as installation of a 
proper sewage or garbage disposal plant or a clean milk campaign, lilke- 


wise affect the public health in a spectacular and demonstrabie way. It 
has frequently been observed that the decrease in death rate following these 
specific improvements is greater than would be expected. For example, 2 
clean water supply may always be expected to lower the mortality of 
water-borne diseases, chiefly gastro-intestinal diseases. In many instances 
it has been found that the general death rate is lowered more than can 
be explained by the typhoid component and that diseases of the respiratory 
tract are reduced. This may be explained by supposing that diseases 
other than intestinal may be water-borne, or it may mean that the general 
vital resistance of the people of the community is raised by more abun- 
dant use of a pure water. When a community reaches that stage of 
sanitary enlightenment and common-sense Cleanliness that it demands 
proper disposal of its wastes and provides for a pure public water, 
we may expect that other less spectacular sanitary reforms are being 
practiced, so that there are a number of contributory causes to int 
proved health. Thus the general resistance tonus and the public’s hygiene 
practice is a significant health factor. Providing sufficient and clean 
public toilet facilities; convenient, numerous and sanitary drinking foun- 
tains, and the abatement of the barbaric, disgusting habit of public spitting 
are plain civic duties, and are factors in the conservation of human life 
and happiness. 

We would recommend : 

1. Regeneration and extension of public toilet facilities, especially 
emphasizing the need of proper care of public toilets. The most perfectly 
constructed toilet will be unsanitary in a short time if not efficiently cared 
for. A score Gard might be used in inspection to give a picture of the con- 
ditions and to indicate improvement from time to time. I have devised 
and used such a score card effectively. 

2. The final condemnation of the public drinking cup, especially in 
schools. One of the lessons in hygiene in schools might well be devoted to 
teaching children how to make their own paper drinking cups, the teacher 
furnishing them with clean paper of convenient size and shape throughout 
the year. Soda fountains are culpable and there should be legislation or 
action of some kind against the present soda fountain and glass, a public 
drinking cup. 

3. The extension of our anti-spitting and anti-saliva campaign, includ- 
ing the dissemination of information relative to the more direct and dan- 


gerous modes of transfer of nasal and oral secretions. 
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PowrER EcoNoMY IN THE SOUTHERN INDIANA QUARRY 
INDUSTRY. 


The limestone quarry industry of southern Indiana offers a fertile field 
for research along the lines of conservation. The early operators adopted 
wasteful methods of production, feeling that the abundance of the deposits 
would give an unlimited supply of first-grade stone. The tendency has been 
to continue with the old methods and machinery to the present time. With- 
in the last few years, however, competition has become so keen that many 
of the operators of the district have begun to realize the wastefulness of 
the present methods and to look for more efficient ones. 

The principal losses accompanying the production of building stone in 
Monroe County can be grouped under four heads: 

(i) Losses or second-grade stone. 
(2) Losses of human labor. 
(3) Losses of lime, cement and fertilizing materials. 


(4) Losses accompanying power production. 


The losses due to inefficient methods of power production are probably 
the greatest and the most in need of remedial action. The method of 
power production throughout the district is wasteful in the extreme. Power 
is generated in a large number of separate units distributed over the quarry 
and there is a great loss of human labor in supplying the coal where it is to 
be used as well as a great loss of coal due to careless handling. Several 
quarrymen have made careful tests upon channeling machines, at My sug: 
gestion, to determine the amount of coal consumed by the different types of 
machines during a given run, and it has been found that while the Sullivan 
or Ingersoll channelers cut faster they consume practically twice the 
amount of coal in a given period of time as the Wardwell type of chan. 
neler, which is widely used throughout the district. 

In many of the mills the boilers and engines have been in operation 


over twenty years and the amount of coal used per horse-power hour is at 
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least six times as much as would be necessary with up-to-date machinery 
and methods in large central plants. 

During the last nine months I have visited all the mills and quarries 
of Monroe County which are at present in operation, and have taken data 
on the coal consumption and power produced throughout the district with 
an idea of showing how great these losses are and at least suggesting a 
remedy for some of them. 

From the data taken I have chosen three plants which are representa- 
tive of the older type and have averaged them so as to ayoid giving out the 
data of any single plant. The data are as follows: 


AMO OL Coal used per month \(CONS)! sss cie0. sais 1. oe se eta eie severe 135 
Ooswomcoawat ine mine ab lel per tOWn...2+s.ccecs + oes sets eplooeae 
Heer mOMEC OM luAs Nea De ETM LOM a hoya) <)sia shot ehevey crcl eveycce sve sets onees) aiais 74.25 
MGC OS tee O tail Cline x epse earch tstaretavetalele ole ose tol oleteieieeucvens 8 eveleseis/ cre ateteis lores see OU 
Horsepower developed) engine TAGING. 2.6... ee es eee twee ve 
HOUESrOtnun Mines tine during the month... 66 ve 2 oe oie ore ies es ore 240 
Coal consumed per horse-power hour (lbs.)............-. Bot pecscncg tc 15 


I have also taken the data for three of the more modern type of plauts 
and averaged them to show the great improvement already made toward 
greater economy. The data are as follows: 


AMOUNT COCOA Sed) PersMmOnth, (TOMS) 2.1.1. acres keteie mr cusisiele eles + > 1OZ 
Costiomcoal at themine at SiS per tom... 2-32 0..-s22-aea-22-- - - 220/80 
HREOC r<OneCOdl a be pic o> DCT: LOM re-crcce orciots (ois alc iets wa) neler oucioielios ons ielene: © inyiereis 105 60 
OT meOsteOtetUel sper MONE. cance cieers © ovens eile is blots, le) aren Cieere ere a.) “OLO4O 
Horse-power developed, engine rating....................-0- 0-0. 200 
HOUrSsOLsrunnine time during the month 7... 2. ..-).<c..0 sess 2 = 240 
Coaleuseds per, HOLSe-DOWernhOUr (IDS: \iscs.sicia 0 cc tels erelscdiert vue cine baal aie 8 


Although these figures show that a great improvement has already 
been made in power production, they also show that there are still great 
possibilities tor further reduction in power costs. 

The saving of human Jabor engaged in the production of the power in 
central plants over the present methods would amount to two-thirds of the 
number of men now engaged. 


In my final paper on the subject I hope to carry out the above figures 
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fully enough to show the actual cost of power by the present methods in 
use in the district. At present my data on the value of the machinery and 
plants and the rates of taxation, insurance, etc., on the same is not complete 
enough to give any but a very approximate figure. 

Engaged in the stone industry of the county there are twenty-nine 
operating companies controlling twenty-six mills and sixteen quarries. 
They use approximately 5,000 H. P. and 4,000 tons of coal per month in its 
production. 

For convenience in studying the problem of power production of the 
county I have divided it into three districts as follows: 

District No. 1 includes all the plants in and around HElletsville and 
Stinesville. This district is controlled by six companies running six mills 
and two quarries. They use approximately 1,000 H. VP. and 750 tons of 
coal to generate the power. 

District No. 2 includes the quarries and mills vf Bloomington and 
Hunter Valley. This district is controlled by eleven companies running 
eleven mills ana five quarries. They use 2,000 H. P. and 1,700 tons of coal 
per month in its production. Two of the plants of this district buy electri- 
cal power from the Central Indiana Lighting Co. of Bloomington, and in 
figuring the coal consumption for the district I have added the amount of 
coal they would use in the production of their power if they worked under 
the same conditions as the other operators of the district. 

District No. 5 includes the rest of the county, that is, all the mills and 
quarries around Clear Creek and Saunders Station. In this district there 
are twelve operating companies running nine mills and nine quarries. 
They use approximately 2,000 H. P. and consume 1,650 tons of coal. 

In looking for improved methods of power production the following 
possibilities present themelves : 

First, each operator can make an effort to produce as much of his 
power in a single unit as possible, and distribute the powe. to the differ- 
ent machinery of his plant electrically. This method is becoming more and 
more common in the stone mills of the county, but very little effort has 
been made toward the use of electrical machinery in the quarries. 

At least two of the operators of the district are using compressed air 
to drive their quarry machinery, but a careful study of the costs of power 
production in this form shows that the fuel cost is materially raised, 
although the advantages of such a system are: Small waste in handling 
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coal, less human labor, and a cleaner quarry. As a method of conserving 
power it cannot be called successful, although the failure in one case may 
be laid to the fact that the channeling machines used with compressed air 
are of the old steam types with the air hose introduced into their boilers, 
thus keeping the faults of the steam channeler and adding to them the 
line losses of Compressed air. This method would be far more economical] 
with modern compressed air chambers. 

Second, a central plant for each district might be constructed with an 
idea of hamlling the coal more easily and haying an adequate water supply. 
These plants could be located so that the cost of distribution of the power 
by electricity would be a small item, as the districts are reasonably com- 
pact and easily reached. 

Third, we might consider water power with electrical distribution to 
the plants. In fact, such a plant is already in existence at Williams, but 
on account of the uncertainty of their water supply the plant is equipped 
with a steam auxiliary. Their proximity to the quarries and mills of Law- 
rence County makes it probable that most of their power will be sold 
there, as the heavier line losses in distributing to this district would tend 
to center their interests in the southern part of the stone belt. Other 
projects have been suggested, but the extremely high first cost of the 
construction of a water-power plant makes it rather a question of the 
future than of the present power problem. 

Lastly, and probably the most economical solution of the problem is 
the construction of a large central plant in the coal fields with high tension 
transmission of the power to the quarry districts and the use of electrical 
machinery throughout the plants. This plant could be equipped with 
modern automatically stocked boilers with superheaters and condensing 
engines; or the plant could be equipped with gas producers and gas 
engines. Aun interesting calcuiation on the subject can be made by taking 
a single district and showing the possibilities for that district if the oper- 
ators could unite to solve their power problem. 

I have taken District No. 1 and attempted to calculate the cost of 
such plants from the data available, but, in general, calculations of this 
kind are only approximately true, as the price of materials is constantly 
changing and the tendency of contractors is to hide the true costs by 
unbalanced bidding. This makes it difficult to estimate prices. 

The following figures are reasonably correct for a 1,000 H. P. plant: 
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Steam plant: 
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PRenoUMesmtO tality OOO EM My 2iac cr vcncnsebetere aes. apa /n aS gaye sole Sens eisveeeaaid 525,000 
INEGESSHIny aU Ae SHalbe hS:HOL DEL bembnemericisssic "se «lays ued eo2 cleee eee 8.500 
ECU) Cx) Ol EN: Sees AN) esd tly. oS) oon ste erce teeta ye a tial ecco sr carve, Gem podine earls 5,700 
PAHO MRM ON Cha COLSs 0: ViOliS scr torments cre cis: ake cleene savees dhatanele Ciehone 9,628 
POG eNelLLers direct. CULLEN: 47 ancuplcieisuinee Sis a Avieisau es 810 
SWIEChDOArd equipment. $4:25 per Ke Weise ca.cce-- ccc cee cesses 3,400 
CoSteOnesStack@altaibs OO epee lal. Tees 8 tchalconsee ern he ore, «Sis ole mela eratehans 3,000 
HOUNGdATLONSs tornvensines and) HOMES): 5 ce. sae Gace lac.sae cece. cue 3,000 
Foi pL ae el I eee SAT OM ache -csyay hs enare le aestoiseeicle Flory) haGus tw are whe edlensls 2,000 

Hotalscost, of plantawithout. buildinesass0s scene... 1.5. s0a,050 


If turbines were used with three 250 H. P. water-tube boilers and super- 


heaters instead of the above equipment, the total cost would be $57,150. 


The fixed charges against the steam plant would be as follows: 


Interestaat: oper cent-..ons whole investment... .2......<-. 0-002 $3,152 
Aces HN Gels TEAM CE? ail; an Ol, COMb detours marc shin ooo) Sts esa so ace fee ers oe 1,251 
WE HLECLAMOnm ated! OPM ACEI tin aN ssc-gaeeie ce cey Je cine otetaus Siok elite amela as 6,304 

MO teh etre da CHATS CSta sce te eee eine eae Aero Seer s ohe aes ten Oa 

Operating charges for one year: 

0a) Oe A eee root Monn vetr ee Hs noe As oe been eee he a NOOO 
Coalbatesie (Oper. ton co: O00) tonSiss cs access s sinus asso ac ae rereie aloes ore 8,500 
EVA Gael aD eI COM tay Ors GINS, COSUere «aise. ti-vi sie s Cons iee ane Rit aterers eielohe ane. os 630 
AO VTS LON Gl Gamer hs Mey aicie enna eT NS 2 mathe Side ee YO SERS Slee 1,650 

LG La EMODEHALGIN Sa 7 GOSH sean weteoreg a) «sere storey suet cae op oa ee elena the essuste $14,680 
MOT HeCOStROlmpOW.Eln Ol: LEM CAM A sic)sts.5 hn crc sisvois o's Ov cee ee terete: 25,397 


Price per K. W. hour, calculating on a 10-hour run, 308 days, 1.1 ets. 


The same calculations on a producer-gas plant of the same size offer a 


comparison which is well worth studying. 
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The cost of such a plant would be as follows: 


Ce DROMUCEES bem oen Dele El sole stey a eMac ore ees ave hennls ahelorors = shea a's 523,000 
Accessories, including draft equipment, $9 per H. P................ 9,000 
Pm Iau ED “PAS TEM OINES sac cis ccciesc eleva av eereieitie steleowis e's ois © @\ ol asecieey Siecd eileke 38,000 
EMMY SE CTEEALOLS, OO) VOLES’ whevcictrctele ta ein ciersts, 2-2 wet) en. ektvzve eth ate. ape 9,628 
PRlOpeuW.(CXCILELS  GITeCL CUPL: .):. er crccaek-Pere eis ches che che eos se Slee ee 810 
Switchboard equipment at $4.25 per K. W... 22... 5.22.0. e weer eae 3,400 
Houndations: tor enzines and producers: < a2 sam feo sie ee sects cs 3,000 

Total cost of plant. without buildings... .226.... «6.22.2 «peter 


Fixed charges on gas plant: 


NTE OS ied bee DC Ge COM> tae Sees ioicae agai Aes cera RD OO Ses LA che $4,207 
MHSHraAncexvand taxeSvatser Cl COMP cs:.c, cscs 2 osre cos pele ele b's ooo eccecues . 1,683 
WEPRecil OME diel! Omer CONG ars oss e a are a jek ne tie © a's 5 Se) cletele 8,414 

PRG iet eerie Clay CARO GS ter meee a eee So is cre olets-o we eeiet sci See ede out 


Operating charges on gas plant for one year: 


Caton. heel ce ee es . $3,900 
Comma nT LOs PEL LON wus HOORLONS 2 2n8 5,6 eee o Salas Si seniare eee eoete sie oe « 2,550 
COED ENN ET SLC EGE preven ace coe oleic ere ea noe BITES oie Spt hiee sebwee 1,650 
ECCLES aA SS EM Pe ates acres ahia'icifastelss sis leyeudaa: svetaiere <a 216s, 0lane Stace, steps e:tie aver acet av "wes toe 630 
ANE OE U ALAMO COS. sreyercieeretet vole! -is-5)s 2 eyelet eer a ahsleect eiausloc Ae oases Sai elena 8,730 

‘Potaleecost of POWER LOL the Vea... 2c 6 sent cece ee $23,054 


Cost per K. W. hour, 308 days, 10 hrs. per day, .95 cts. 


I have placed in the equipment two engines with the idea of showing 
another econoniy. The villages of Elletsville and Stinesville do not have 
an electrical plant for lighting. If such a plant as I have outlined were 
erected there the over-night run on one of the engines would furnish much- 
needed power for lights at a very small expense. In fact the power could 
be developed for an additional .4 of a cent a K. W. hour after the fixed 
charges have been figured against the day run. 
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P. Producer-Gas Plant. 


A View of Both Floors of a 1000 H. 
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From these figures it will be seen that there is only a slight difference 
in the cost of power for the two types of machinery, but these figures 
would diverge in favor of the gas producers as the size of the plant was 
increased. If the plant were located in the coal fields and the power 
brought over as high voltage current, the amount of money saved on freight 
would pay for the transmission line in about eighteen months. In fact, for 
such a plant the line losses and cost of transformers at both ends of the 
line would bring the price of power to about the same figure. 

Probably the ideal solution for the power question would be to furnish 
the entire district with power. This plant to be located in the coal fields 
and be of the by-product recovery type with gas engines and the power 
transmitted at 33,000 volts. Such a line and voltage would be the cheapest 
for conditions as they would he in tiis district. 

There are numerous plants in Europe which depend upon the by-prod- 
ucts recovered for their profits. A good example is the plant at Dudley 
Port, South Staffordshire, England, where a Mond by-product plant prac- 
tically pays for all the fuel used, in the by-products recovered. The two 
principal by-products are ammonium sulphate and tar. The ammonium sul- 
phate alone returned $2.25 per ton of coal burned, and the tar sells for 
$0.19 per ton of coal burned. 

Ordinary bituminous coal will return 80 to 90 pounds of sulphate of 
ammonia per ton. Such plants now in operation produce a Kilowatt per 
hour of power on 1.54 lbs. of coal fired. Since the price of coal is so low 
in this district the cost of power would be but little over the fixed charges 
on the investment. This problem of power economy for the quarries begins 
to be of especial interest over the entire district, and if the issue were met 
squarely a great saving of money would result. as well as great economy in 
coal consumption. 
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REPORT OF THE COMMITTEE ON ‘‘A LIST OF THE SCIEN- 
TIFIC AND TECHNICAL SERIALS IN THE LIBRARIES 
OF THE STATE OF INDIANA.”’ 


In submitting to the Academy the final results of the work of your com- 
mittee it ssems desirable that some explanations should be made. The 
former catalogue, published in the Proceedings of 1911, owing to the short 
time allowed for its preparation, was compiled in such haste as to be very 
defective both typographically and in its completeness. It is doubtful if 
anyone realized the size of the task or the difficulties to be encountered when 
the committee was first organized. The extension of the scope of the list 
as well as the number of libraries to be included in the present revised list 
has more than doubled the size of the catalogue and has greatly multiplied 
the difficulties. 

Owing to the wide distribution of the libraries it has not been possible 
for the committee to inspect the serials of every hbrary, and the work has 
been largely carried on by correspondence and the cooperation of many 
librarians. Although this has often put a considerable burden of work upon 
the librarians or their assistants the committee cannot complain of any lack 
of genuine interest and hearty co-operation in our undertaking. It is, how- 
ever, impossible to formulate a practicable set of rules for the guidance of 
librarians in making out their sts that will provide for all contingencies. 
The task of correlating the numerous items in these many lists has been ex- 
tremely difficult and in frequent cases impossible with any degree of cer- 
tainty. For example, what is probably the same serial appears in two dif- 
ferent lists under slightly different titles, as for instance one says ‘‘reports,”’ 
another ‘“‘transactions,’’ and without the serial at hand the committee can 
not determine whether these are the same or distinct series. We have tried 
to eliminate duplication by careful comparison with other catalogued lists. 
But after the utmost care there still remains a large residue of doubtful mat- 
ter of this sort, while in some instances we may have identified series that 
should have been kept distinct. A number of titles have not been found in 


any of the serial catalogues which we have consulted and the doubt remains 
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in the minds of your committee whether some of these are not incorrectly 
listed. 

It was intended that all volumes should be listed by the volume number 
when that could be determined and the date of issue given only when the 
volume number was not known. There has been great lack of uniformity in 
following this rule, which introduces considerable confusion into the lists. 
Your committee has no means at hand by which to correlate dates and 
volumes. Where it has seemed possible we have ventured to substitute 
volume numbers for dates, but in most cases we have found it necessary to 
leave the lists unchanged in this particular. 

It may be found that some titles are included in the catalogue that have 
doubtful claim to being recognized as pertaining to serials that are either 
scientific or technical. As the committee could not be personally acquainted 
with every serial named we have trusted largely to the judgment of the li- 
brarians. A few titles, such as the Literary Diyjest, we have ventured to ex- 
clude. The inclusion of such doubtful material, however, does not seem to 
us a serious fault, on the principle quoted by Bolton from Zuchold that “in 
a bibliography it is much better that a book should be found which is not 
sought, than that one should be sought for and not found.”’ 

In the prosecution of this work the committee has consulted various 
catalogues and freely adopted suggestion from many of them. The following 
may be especially mentioned: 

A catalogue of scientific and technical periodicals 1665-1895. Smith- 

sonian miscellaneous collections 40. 

List of serials in the University of Illinois library together with those 
in other libraries in Urbana and Champaign. University of Illinois 
Bulletin 9°. 

List of serials in the principal libraries of Philadelphia and its vicinity. 
Bulletin of the Free Library of Philadelphia. No. 8. 

List of periodicals, newspapers, transactions and other serial publica- 
tions currently received in the principal libraries of Boston and 
vicinity. 

List of biological serials in the libraries of Baltimore 1901. 

List of serials in University of Colorado library. University of Colorado 
bulletin. 131. 
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ABBREVIATIONS AND SIGNS. 


Ac. Indiana academy of science exchanges deposited in the State Library 
at Indianapolis. In references under this head parts of broken 
volumes are listed by means of index figures attached to the vol- 


ume number. 


B Butler College library, Indianapolis. 

D. DePauw University libraries, Greencastle. 
E Earlham College library, Richmond. 

Exp. Agricultural Experiment Station, Lafayette. 
F. Franklin College library, Franklin. 

Ft.W. Fort Wayne public library. 

Gr Gary public library. 

I. U. Indiana University hbraries, Bloomington. 


L. P. Laporte public library. 
M. Muncie public library. 
N. D. Notre Dame University libraries, Notre Dame. 


N.H. New Harmony Workingmen’s Library. 


Pe Purdue University libraries, Lafayette. 
R. P. Rose Polytechnic libraries, Terre Haute. 
S. State Library, Indianapolis. 


S.N. State Normal School library, Terre Haute. 
T.H. Terre Haute, Fairbanks Memorial Library. 
W. Wabash College library, Crawfordsville. 


Bold faced figures are used to indicate volume numbers. The year date 
(e. g. 793) is used instead of volume number when the latter is not known. 

Plain Arabic figures indicate numbers of a serial that is not issued in 
volumes; chiefly bulletins. 

Indices are used in the Academy (Ac.) lists to indicate numbers of an 
incomplete volume. 

An asterisk (*) attached to a volume number signifies incomplete. 

The plus sign (+) after the last volume number signifies that all suc- 
ceeding numbers are on file and current numbers are received. 

The parallels sign (\|) indicates that the serial ceased publication with 
the preceding volume. 


Roman numerals indicate numbered series. 
o. s. old series. Howarpb J. BANKER. 


n. 8s. new series. Wit Scorr. 
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LIST OF SCIENTIFIC AND TECHNICAL SERIALS IN THE 
LIBRARIES OF INDIANA. 


Abstracts of physical papers. London, England. P. 3. 


Continue | as Science abstracts q. v. 
Academia de ciencias medicas fisicas y naturales de la Habana. Havana, 
Cuba. 
Anales. Ac. 364: 18-21, 24: N. D. 39-++. 
Academia nacional de ciencias. Cordova, Argentine Republic. 
ING ASS PANG ones. 
IBYoKeIpn, TOs (eat A Se CI IN eles IE eee iby ek aro 2. 
Académie des sciences. Paris, France. 
Comptes rendus. B. 152, 153: I. U. 1+: P. 140+: R. P. 104+. 
Académie impériale des sciences. St. Petersburg, Russia. 
Annual report. N. D. 712. 
Bulletins. Ac. 1V. 361: 2; V. 1-5, 65, 7) 2, 10°, 11-14, 15155 s16% 2a 22 E25 
INDE Vil2a. 
Musée botanique.—Travaux. N. D. 712. 
Academy of natural sciences of Philadelphia, Pa. 
Annual Reports. S. L. 791-794. 
Proceedings. Ac. 58+: B. ’56-’86, ’88-°93, ’95+: I. U. 1+: N. D. 61+: 
S. L. ’67-’90, ’99-04. 
Acadian scientist. Wolfv lle, Nova Scotia. Ae. 1’. 
Accademia dei Lincei. Rome, Italy. See Accademia pontificia dei nuovi 
Lincei; Reale accademia dei Lincei. 
Accademia pontificia dei nuovi Lincei. Rome, Italy. 
Atti. Ac. 51-57, 582-7, 59-+L. 
See also Reale accademia dei Lincei. 
Acetylene journal. Chicago, Ill. N. D. 7*, 8*, 9-11, 12*. 
Acta mathematica. Stockholm, Sweden. I. U. 1+. 
Aeronautics. New York. Ft. W. 12+. 
Agassiz association. See Wilson bulletin. 
Agassiz companion. Wyandotte, Kan. Ac. 12: 3, 2?, 3°. 
Agricultural advertising. Chicago, Ill. Exp. 19*, 20, 21, 22*. 
Agricultural gazette. London, England. Exp. n. s. 11-14: P. 67+. 
Agricultural gazette of New South Wales. Sidney, Australia. Exp. 1-7, 8*, 
9*, 10*, 11, 12*, 13-20, 21*, 22++: N. D. 22+: P. 16*, 17--. 
Agricultural journal. Tokyo, Japan. Exp. 46-57, 59+. 


Agricultural journal of India. Calcutta. Exp. 1-5*, 6, 7*, 8+: P. 2,3. 


Agricu'tural journal of the Union of South Africa. Pretoria. 
N. D. 1+: P. 1*, 2, 5*, 6*. 
Agricultural news. Barbadoes, West Indies. N. D. 12+. 
Agricultural science. State College, Pa. Exp. 1-8||: P. 1-5. 
Continued as 
Agricultural science journal. State College, Pa. Exp. 2%, 3. 
A’rcraft. New York. Ft. W. 4+. 
Alabama. Agricu!tural experiment station. Auburn. 
Annual report. Exp. 1+: P. 2, 4, 6, 9, 11+. 


Exp. 1*, 2-4: 


Bulletin. D. 80, 90: Exp. 1-154, 156, 158+: P. 1-47, 49+: 8. L. 149-151, 


1538, 154, 156-159. 

Alabama. Agricultural experiment station. Uniontown. 
Annual report. Exp. 1-3, 11+: P. 2, 3, 12. 

Bulletin. Exp. 1+: P. 1+. 

Alabama. Agricultural experiment station. Tuskegee. 
Bulletin. Exp. 1, 3-16, 18+: P. 1, 3-12, 15+. 
Farmers’ leaflets. Exp. 6, 8-16: P. 7, 8, 10-16. 
Teachers’ leaflets. Exp. 2. 

Alabama. Agricultural exper ment station. Wetumpka. 
Annual report. Exp. 4-6. 

Alabama. Agriculture, Department of. Auburn. 
Bulletin. Exp. ’06-’08, ’11+. 

Report of commissioner. Exp. 792. 
Alabama. Geological survey. D. ’81-’82. 
A’abama. State veterinarian. Auburn. 

Report. Exp. 2-4: P. 1-4. 
Alaska. Agricultural experiment station. Sitka. 


Annual report D. ’06+: Exp. ’00, 703+: P. ’98+: R. P. 706, ’07: S. L. 


06+. 

Bulletin. D. 2, 3: Exp. 1-+-: P. 1+: R. P. 1-3: S. N. ’02. 
A lavoura. Brazil. Exp. II. 4*, 5*, 6*, 10*-13*. 
Albany (N. Y.), institute. 

Transactions. S. L. 4. 
Alberta. Agriculture, Department of. 

Annual report. S. L. 708-710. 
Alkaloidal clinic. Chicago, Ill. N. D. 10*, 11*, 12*+. 


Continued as American journal of clinical medicine gq. v. 
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Amateur sportsman. New York. xp. 45*, 46%. 
American academy of arts and sciences. Boston. 
Memoirs, (P2322 kh. Pam s: 1-92 55> i: i=42 
Proceedings. Ac. 34+: P. 40*, 41*: R. P. 1-7, 9-16: S. N. 34-37. 
American academy of medicine. Easton, Pa. 
Bulletin. I. U. 6+. 
American agricultural association. 
Journal. Exp. 1*. 
Amer:can agriculturist. New York. Exp. 38-40: M. 34-49: S. L. 59, 60, 62, 
64-94. 
American amateur photographer. New York. N. D. 19%, 20*. 
Combined with Photo beacon gq. v. 
American analyst. New York. Exp. 5. 
American annual of photography and photographic times almanac. New 
York. N. D. 93-96. 
American anthropological association. New York. 
Memoirs. S. L. 1, 2*. 
American anthropologist. Washington, D. C.; New York. I. U. 1-11]|; n.s. 
1+:S. L. 1-11||3; n. s. 1+. 
American antiquarian and oriental journal. Cleveland Ohio; Chicago, Ill. 
Ac. 37, 6°, 115, 142: S. L. 16-18: W. 1-6. 
American antiquarian society. Worcester, Mass. 
Proceedings. R. P.n. s. 1, 3*. 
Transactions. S. N. 12. 
American apple growers congress. Columbia, Mo. 
Transactions. Exp. 1-5. 
American architect and building news. Boston, Mass.; New York. Ft. W. 
99, 101+: G. 103++: M. 9-12: N. D. 93*, 94*, 95*, 96*, 97-+-: R. P. 21-4. 
American association for the advancement of science. Washington, D. C. 
Proceedings. E. 20-25, 39, 40, 42, 43, 52, 54-62: I. U. 2, 4, 6, 15-39, 44-50, 
58+: N. H. 2-6, 20-37, 39-48: P. 29+: R. P. 1-41, 43-45, 59-61: S. L. 
1-62: S. N. 1-44: W. 36-57. 
American association of geologists and naturalists. See Association of American 
geologists, etc. 
American association of nurserymen. 
Annual report. Exp. ’05-711. 
American bee journal. Philadelphia, Pa.; Washington, D. C.; Chicago, III. 
Exp. 1-10, 24-29. 
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American blacksmith. Buffalo, N. Y. Ft. W. 12+. 
American botanist. Binghamton, N. Y.; Joliet, Ill. D. 1-17: N. D. 15+. 
American breeders’ association. 
Proceedings. Exp. 3, 4: P. 1, 2, 4, 6+. 
American builder and journal of art. Chicago, Ill. M. ’72. 
American carpenter and builder. Chicago, Ill. Ft. W. 7+: G. 7+. 
American ceramic society. Columbus, Ohio. 
Transactions. P. 1+. 
American chemical journal. Baltimore, Md. B. 8+: D. 1+: E. 39+: I. U. 
8+: N. D. 17-42, 49+: P.1+:R. P. 17+: W. 1+. 
American chemical society. New York; Easton, Pa. 
Chemical abstracts. D. 1+: Exp. 2+: G. 7+: I. U. 14+: N. D. 1, 2, 
6*, 7+: P. 1+: W. 14+. 
Journal. 1). 1b--SEixp. 17*, 18*, 20*, 21*,-22*, 23%, 26*, 29--: Ft. W. 35--: 
G. 32+: 1]. U. 28+: N. D. 1, 2, 6-16, 18, 21-24, 25*, 26-30, 31*-33*, 
34+: P.1+:R. P. 15+:58. L. 21, 23+: W. 15, 16, 24+. 
Proceedings. I. U. 31, 32, 34, 36+. 
Review of American chemical research. N. D. 11, 12||: P. 9-12]. 
Continued as Chemical abstracts gq. v. 
American chemist. New York. R. P. 1-7: W. 1-4. 
American city. New York. Ft. W. 2+: G. 1+: I. U. 6+: M. 2+: N. D. 
2--: BP. 1--:S. N.1-+: T. H. 1+. 
American conchology. New Harmony, Ind. N. H. 1*. 
American cranberry association. 
Proceedings. Exp. ’06-’11. 
American druggist and pharmaceutical record. New York. N. D. 41*-43%*, 
44, 45, 46, 47-53, 54*-59*-+: P. 14+. 
Continues New remedies g. v. ° 
American electrician. New York. Ft. W. 14-17||: M. 9-14, 16, 17||: P. 8-11, 
12*, 13-17||: R. P. 11-17'. 
Continued in Electrical world g. v. 
American electro-chemical society. Philadelphia, Pa. 
Transactions. P. 1+: R. P. 3. 
American engineer. Chicago, Ill. R. P. 9-21. 
American engineer and railroad journal. New York. Ft. W. 81-86: N. D. 
Rousse bo OF kek. Cl 
Continues Railroad and engineering journal g. v.; National car and locomotive builder; 


American railroad journal q. v.; Van Nostrand’s engineering magazine g. v. 
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American entomological society. Philadelphia, Pa. 
Transactions. S. L. 8-34, 38*. 
American entomologist. St. Louis, Mo.; New York. N. H. 1-3]]. 
Volume 2 is known as American entomologist and botanist. 
American ephemeris and nautical almanac. See United States. Nautical 
almanac office. 
American ethnology. See United States. Ethnology, Bureau of American. 
American farmer. Baltimore, Md. SS. L. 1-15. 
American farmer. Indianapolis, Ind. Exp. 24*. 
American farmer’s magazine. New York. S. L. 11-12. 
American fern journal. Auburndale, Boston, Mass. N. D.1+. 
American fertilizer. Philadelphia, Pa. Exp. 1*, 2*, 3-4, 5*, 12, 13*, 14-17, 
18*, 19*, 20-29, 30*, 31*, 32-38". 
American florist. Chicago, Ill. Exp. 39+. 
American florists and ornamental horticulturists. New York. 
Report. Exp. 5-6, 9-11, 13-18, 20-28. 
American forestry. Washington, D. C. 
D. 16-18: Exp. 16, 17*: Ft. W. 17+: N. H. 16+: P. 16+:S. L. 18+. 
Formerly Conservation q. v. 
American forestry association. Washington, D. C. 
Proceedings. P. 1-8: 8S. L. ’82, ’91, ’92, ’93. 
American forestry congress. Washington, D. C. 
Proceedings. Exp. ’92: P. 4. 
American fruit and nut journal. Petersburg, Va. Exp. 4*, 5, 6*. 
American fruits. Rochester, N. Y. Exp. 1, 2*, 3-5, 6*, 7*, 9-11, 12*. 
American garden. New York. P. 1-10. 
Continued as American gardening. 
American gas institute. 
Proceedings. P. 1+: R. P. 2+. 
American geographical society. New York. 
Bulletin. Ac. 34'~5, 35'-5, 36-40!-!2, 411: I. U. 834+:8. N. 34+. 
Journal. Ac. 14%, 157, 165, 171) 2, 4, 5, 182-5 191-3 201-4, 211-4, 221, 3, 4 Dar-8. 
267, 30°->, 317-5, 32!—5, 331-5: I. U. 1-33|/: S. N. 28-33||. 
Continued as the Bulletin gq. v. 
American geologist. Minneapolis, Minn. B. 10-23: E. 29-36)|: I. U. 1-36||: 
N.. D.5*, 74, 8,9, 10*, 11*, 12-14, 17-32, 33*, 34-36||; Nv Esiewe cee 
4*, 5*: S. N. 12-36||: W. 11-26. 


Continued by Economic geology q. v. 
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American hay, flour and feed journal. New York. Exp. 3*, 7*, 8, 9*, 11-13, 
20+. 
American health. New Haven, Conn. P. 1*, 2*. 
American Hercford journal. Kansas City, Mo. Exp. 1*, 2+. 
American homes and gardens. New York. G. 7+: L. P. 1+: M. 1+: R. P. 
1+:8. N. 1+: T. H. 4+. 
Continues Scientific American: Building edition q. v. 
American horticultural society. Greencastle; Indianapolis, Ind. 
Transactions. Exp. 1-5: 8S. L. 3, 4, 6. 
American horticulturist. I. U. ’&5-’&6. 
American institute of architects. Weshington, D. C. 
Proceedings. P. 23-28, 34+. 
Quarterly bulletin. P. 10+. 
American ins‘itute of electrical engineers. New York. 
Proceedings. Ft. W. 31+: R. P. 24+. 
Transactions. P.1-4,6+:R. P. 10-21, 28+. 
American institute of mining engineers. New York. 
Transactions. R. P. 1+. 
American institute cf the city cf New York. 
Transactions. P. 6. 
American inventor. Washington, D. C. N. D. 15*, 16*. 


Absorbed Popular science news q. v. 

American journal of anatomy. Baltimore, Md. F. 2:1. U.38+:P.5+:8.N. 
eee 

American journal of archaeology. Princeton, N. J.; New York; and Norwood, 
Mass. D. 1-11; II. 1+: E. II]. 1-12, 16+: I. U. 1-11; IJ. 1+: N. D. 
1, 2: S. N. ID. 1+: W. 8-11; II. 1+. 

American journal of clinical medicine. Chicago, Ill. N. D. 13*-19*. 
Continues Alkaloidal clinic q. v. 

American journal of conchology. Philadelphia, Pa. P. 1-7||. 

American journal of diseases of children. Chicago, Ill. I. U. 1+. 

American journal of forestry. Cincinnati, O. Ae. 1. 

American journal of mathematics. Baltimore, Md. D. 1-16: B. 25+: F. 
1, 2: I. U. 1+: P. 1+: W. 15+. 

American journal of medical sciences. Philadelphia, Pa. M. 1-23, 25-119, 
131+: N. D.n. s. 57-64: N. H. 4-6; ns. 28-164: T. H. 2-5, 9, 19, 20, 
23, 25, 27, 33, 38, 40, 46, 49, 88, 91, 92-108, 115-120, 122-129, 137-+-. 

American journal of microscopy and popular science. New York. Ac. 35", 
AUGiesDenly2 eke be l=5- 
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American journal of pharmacy. Philadelphia, Pa. P. 54, 55, 58+: R. P. 
PL 1-18 51V. 1, 2: 

American journal of physiology. Boston, Mass. D. 15-20: F. 29+: I. U. 
1+: P. 18+: 8. N. 1+: W. 5-7. 

American journal of psychology. Baltimore, Md.; Worcester, Mass. E. 
2-6, 12, 14, 16, 17: F. 2, 3, 19+: 1. U. 1+: P.19+:8. N. 1+: W. 10-18. 

American journal of public health. New York. See American public health 
association. Journal. 

American journal of public hygiene. Boston, Mass.; Columbus, O. Exp. 
Teal co Oca See lo. 


Continues as American public health association. Journal. gq. v. 
American journal of religious psychology. Worcester, Mass. I. U. 1+: 
S. N. 1+. 
Volumes 1-4 called Journal of religious psychology and education. 
American journal of science. New Haven, Conn. B. III. 11-16, 19-50; IV. 
1-23, 25-33: D. 10, 11: E. IV. 27+: Exp. 37*, 38*: I. U. 1-10, 12, 14-50; 
TL: 1-50); DL. 1-505 1V. U-5, 7--:3N--D-8*, 9%, 1*, 12%. 49) Oc Nee 
I. 45, 47, 49, 50; II. 1-8, 17-20; III. 1-12: P.1+:R. P.1+:8S. N. 100+: 
W. 1-150, n. s. 1-28. 
Called American journal of science and arts until 1879. Also known as Silliman's journal. 
American journal of the medical sciences. Philadelphia, Pa.; New York. 
D. o. s. 38-41; n. s. 29-36, 129-133, 135-152: I. U. 1383-138, 140+. 
American machinist. New York. Ft. W. 30+:G. 32+: L. P. 36*+:M. 10+: 
N. D. 22+: P. 5-8, 10-14, 16+: R. P. 6+. 
American mathematical monthly. Kidder; Springfield, Mo. I. U. 1+: 
N. D. 4, 6, 7, 12+-: P. 1-8, 12+:8. N. 4+: W. 5+. 
American mathematical society. New York. 
Bulletin. D. II. 1-6: I. U. 1+: P. II. 1+:8. N. 1, 3+: W. 8+. 
Transactions. I. U. 1-+-: P. 1+. 
American medical association. Chicago, Il].; Philadelphia, Pa. 
Journal. Exp. 54*, 55+: I. U. 41+: M. 1-54, 57+: N. H. 1-4: P. 1-3, 
9-22, 36, 38, 40+*: T. H. 1+. 
Transactions. N. H. 10, 24, 32. 
American microscopical society. Washington, D. C.; Decatur, Iowa. 
Transactions. D. 30+. 
American midland naturalist. Notre Dame, Ind. E. 1: Exp. 1+: N. D. 
LPP. 1S 2. } 
American miller. Chicago, Ill. Exp. 39+. 


American monthly magazine and critical review. New York. M. 18, 20+: 
INfS IDs Wes} 
American monthly microscopical journal. Washington, D. C. Ac. 1-4'-?, 
a Ge U8, To BSE, BAe Dpto Yen We EP OR ID ey ies, ses} 
N. D. 8*-10*, 11-18, 21: P. 2: R. P. 1-2: W. 1-5, 13-15. 
American museum journal. New York. N. D. 9+. 
American museum of natural history. New York. 
Annual report. Ac. ’70-’89: N. D. 40+: S. L. ’$0-’92. 
Bulletin. Ac. 1'*: P. 8: S. L. 2-11, 13-18. 
Memories lls Lig ales 10, Wee shee wee 
American national live stock association. See National live stock association. 
American naturalist. Salem, Mass.; Philadelphia, Pa.; Boston, Mass. B. 
1-6, 11-24, 26+-: D. 1-5, 20+: E. 1-4, 7, 40+: F. 1-4, 11-13: I. U. 
1013, 016-—>) Mite N: Ds 25'6;, 23, 24*;.25, 267, 27,.282 Nie l-35 2: 
1-8, 10*, 11+:8. L.14:S. N. 1-22, 24+: W.1+. 
American pharmaceutical association. Chicago, Ill. 
Bulletin. N. D. 2-6: P. 5+. 
Journals Ne Ds k*: 
Proceedings. I. U. ’02-’05: N. D. 55: P. 6, 10, 14, 15, 32+: 8S. L. 1-40, 
42+-. 
American philosophical society. Philadelphia, Pa. 
Proceedings. Ac. 27-38, 47, 48, 51-156, 157-++-: Exp. 30+: I. U. 5-36, 38: 
R. P. 16-23, 27, 28: S. L. 27-38, 47, 48, 51-156. 
Transactions. N: D.n..s. 34: N. H.n.s. 1. 
American photography. Boston, Mass. Ft. W. 1+. 
American physical education review. Boston, Mass. G.17+: I.U.i+: S.N. 
1+. 
American polytechnic journal. Washington, D.C. N. H. 1, 2, 4. 
American pomological society. Boston, Mass. 
Proceedings. Exp. 15, 16, 18-20, 22-32: P. 15, 16, 18-20, 22+. 
Bulletin. Exp. 1, 3. 
American poultry advocate. Syracuse, N. Y. Exp. 17*, 18*, 19+. 
American poultry association. 
Proceedings. P. 29-33, 37. 
American public health association. New York. 
Journal. Exp.n.s. 1+: F.n,s.1: P.n.s.1+: 8. L.n.s.2-+. 


Formerly American journal of public hygiene gq. v. 


Papers and reports. 8S. L. 1-2, 4-36. 
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American quarterly microscopical journal. New York. R. P. 1-3. 
American railroad journal. New York. N. H.1-6: 8. L. 1-6. 
Continued in American engineer and railroad journal q. v. 
American railway bridge and building association. 
Proceedings. P. 18+. 
American railway engineering and maintenance of way association. Chicago, 
Ill. 
Bulletin. P.’02*-+. 
Proceedings. P.1+. 
American railway master mechanics’ association. New York. 
Annual report. Ft. W. 2-17. 
Proceedings. P. 1-5, 8-17, 20+. 
American road builders’ congress. 
Reports: Poi. 
American sheep-breeder and wool-grower. Chicago, Ill. Exp. 30*, 31+: 
P. 25+. 
American society for psychical research. Boston, Mass. 
Journal. §S. N. 1, 2, 4+. 
Proceedings. I. U.1*: S. N. 1+. 
American society for testing materials. 
Proceedings. P.1+: R. P. 2-8. 
American society of agricultural engineers. 
Transactions. P.1+: R. P. 1+. 
American society of agronomy. 
Proceedings. P. 1+. 
American society of civil engineers. New York. 
Proceedings. Ft. W. 338+: P. 3-6, 12-17, 22. 
Transactions. G. 66+: P. 6-67: R. P. 43, 44, 60+: S. L. 2, 29, 30, 49, 
52, 54. 
American society of heating and ventilating engineers. New York. 
Transactions. P.1+. 
American society of mechanical engineers. New York. 
Journal. G. 34+: N. D. 32-34. 
Transactions. G. 31+: N. D. 17,18: P.1+: R. P. 1+. 
American society of municipal improvements. Cincinnati, O. 
Proceedings. P. 14. 
American stock journal. New York. S. L. 1, 2. 
American street railway association. Brooklyn, N. Y. 
Report. P. 4-24. 
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American sugar industry and beet sugar gazette. Chicago, Ill. Exp. 6*, 7, 
8, 9*, 10-12, 13*, 14+. 
American swineherd. Chicago, Ill. Exp. 26, 27, 28*, 29--. 
American telephone journal. New York. P. 5*, 6-18]|. 
Continued in Telephony gq. v. 
American veterinary medical association. St. Paul, Minn. 
Proceedings. Exp. ’90-’93, ’96-+-. 
American veterinary review. New York. Exp. 12, 14+. 
American water works association. New York. 
‘Proceedings. P. 18+. 
American wool and cotton reporter. Boston, Mass. Exp. 25*, 26+. 
Analyst (Chem.). London, England. Exp. 13*, 14, 15*, 16-21, 22*: I. U. 
1-10: P. 8+. 
Analyst (Math.). Des Moines, Ia. I. U. 1-10!|: P. 1-10). 


Continued as Annals o! mathematics g. v. 

Anatomical record. Philadelphia, Pa. I. U. 1+: P.1+:8.N.1+4. 

Anatomischer Anzeiger. Jena, Germany. B. 13-33, 35*, 36*, 37*, 38*, 39%, 
40*: I. U. 1-38, 40-++. 

Ancona world. Franklinville, N. Y. Exp. 1*-4*. 

Annalen der Chemie und Pharmacie (Liebig). Heidelberg; Leipzig, Germany. 
D. 1+: Exp. 1-236, 241-300: P. 293, 295, 297, 299, 301-316, 321+: W. 
285-350. 

Supplement. D.1-8: Exp. 1-8. 

Annalen der Physik und Chemie. Halle; Leipzig, Germany. I. U.n. s. 48-72; 
IV. 14+: N. D. 709+: P. TIL. 1--: S:. L. 37-4: W. 16--. 

Beiblatter. I. U. 17+: N. D. 709, 710: P. 31+. 

Annales de chimie et de physique. Paris, France. B. 7-9: I. U. VI. 28, 30; 
VII. 2-30; VIII. 1+: N. D. VII. 16-19, 20-30; VIII. 1-4, 5*-7*. 

Annales de géographie. Paris, France. I. U.7+: 8. N. 8+. 

Annales de la science agronomique frangaise et étrangére. Paris, France. 
Exp. o. s. ’89, ’90; II. ’03-705. 

Annales de paléontologie. Paris, France. I. U. 1+. 

Annales des ponts et chaussées. Paris, France. R. P. VI. 15+. 

Annales des sciences naturelles: botanique. Paris, France. Exp. VII. 7, 8: 
eee Vile 9-205 Ville a=22)5 TX. te: W.. VIL 19> 205) VILE 2-14: 

Annales des sciences naturelles: zoologie et paléontologie. Paris, France. 
ee eG 

Annales historico-naturales musei nationalis hungarici. Budapest, Hungary. 
Ac. 1+. 


250 


Annales mycologici. Berlin, Germany. Exp. 1-2, 9+. 

Annales scientifiques de l’école normale supérieure. Paris, France. I. U. 
Pe 7 se ote: a: 

Annali della regia scuola superiore di agricoltura in Portici. Naples, Italy. 
Exp. II. 2-4, 9. 

Annali di botanica. Rome, Italy. N. D. 10+. 

Annali di mathematica pura et applicata. Rome; Milan, Italy. I. U. III. 


17+. 
Annals and magazine of natural history. London, England. I. U. VII. 6, 9, 
10, 17. 


Annals of botany. London, England. D. 1-7, 14, 17+: I. U. 1+: P. 14: 
Ss No abeto a Walle 

Annals of hygiene. Philadelphia, Pa. M. 8. 

Annals of mathematics. Charlotteville, Va.; Cambridge, Mass. D. 1-6: 
I. U. o. s. 1-12; n..8s. 1-+: P. IL. 14+: BR. P. 14: W. 1-12) ae 


Continues Analyst (math.) g. v. 

Annals of nature and Annual synopsis of new genera and species of animals, 
plants, etc. Lexington, Ky. N. D. 1). 

Annais of science. Cleveland, O. R. P. 1, 2. 

Année biologique. Paris, France. I. U. 1+. 

Année psychologique. Paris, France. I. U. 1+. 

Année scientifique. Paris, France. N. D. 1-9. 

Année sociologique. Paris, France. I. U. 1+. 

Annual of scientific discovery. Boston, Mass. D. ’50-’62, °65, ’68-’71: I. 
U. 1-6, 10, 16-19, 21: N. H. ’50-’54, ’56, ’57, ’60, ’64, ’66-’69, ’71: R. 
eee aO=c0si ve. aul = 4010; 

Annual record of science and industry. New York. D. ’71-’73: N. H. 771, 
LIP Aa Nie seth arf oe 

Annual register. London, England. N. H. 1-153. 

Annual report on the progress of chemistry. B. 5-7: P. 1+: W. 1-8. 

Anthropological institute of New York. 

JOURN” 452, ld, 2: 

Anthropos. Vienna, Austria. I. U. 6+. 

Aquila. Budapest, Hungary. N. D. 712+. 

Arbeiten aus der kaiserlichen Gesundheitsamte. Berlin, Germany. I. U. 
24-37, 39. 

Arboriculture. Chicago, Ill.; Indianapolis; Connersville, Ind. Exp. 1*, 2, 
3, 4*, 5*, 6, 7*, Sil: L. P. 2*: P. 1-8]. 
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Architects’ and builders’ magazine. New York. Ft. W. 0. s. 42: G. o. s. 
44+: N. D. 3%, 38*-43*. 
Continues as Architecture and building. 

Architectural record. New York. Ft. W.13+:G. 25+:M.1+:N. D. 19*-21%*, 
Bao-3o 2 b)2e4-a te. PP. ot-pas. Ne i 

Architectural review. Boston, Mass. G.n. s. 1+: N. D. 11*-17*, 18+. 

Architectural review and American builders journal. Philadelphia, Pa. 
NaH. 1. 

Archiv der Mathematik und Physik. Leipsig, Germany. I. U. 1-70; II. 
leis JOU tees leet. 

Archiv der Pharmacie. Berlin, Germany. I. U. 236, 238+. 

Archiv fiir Anatomie und Physiologie. Leipzig, Germany. I. U. 1+. 

Archiv fiir die gesammte Physiologie des Menschen und der Thiere. Bonn, 
Geman, IDE 2/5 7432 Ie Wie es lee USE: 

Archiv fiir die gesammte Psychologie. Leipzig, Germany. I. U. 1+. 

Archiv fiir Entwicklungsmechanik der Organismen. Leipzig, Germany. 
I. U. 14+. 

Archiv fiir mikroskopische Anatomie und Entwickelungsgeschichte. Ponn, 
Germany. I. U. 1--. 

Archiv fiir pathologische Anatomie und Physiologie und fiir klinische Medicin. 
Berlin, Germany. I. U. 1+. 

Archiv fiir Rassen und Gesellschaft-Biologie. Berlin, Germany. I. U. 1+. 

Archiv fiir Sozialwissenschaft und Sozialpolitik. Tiibingen, Germany. I. 
WU. 32--. 

Archiv fiir Zellforschung. Leipzig, Germany. I. U. 5+. 

Archives de Biologie. Ghent, Belgium; Paris, France. I. U. 11, 12, 18, 21* 

Archives de medicine experimentale. Paris, France. I. U. 18+. 

Archives de parasitologie. Paris, France. I. U. 10-11, 13+. 

Archives de zoologie experimentale et generale. Paris, France. I. U. II. 
OF el0: 

Archives of comparative medicine and surgery. New York. Exp. 1. 

Archives of internal medicine. M. 3-5. 

Archives of neurology and psychiatry. London, England. I. U. 1+. 

Archives of philosophy, psychology and scientific methods. New York. I. U.1. 

Archives of psychology. NewYork. I.U.1+. 

Archives of scientific and practical medicine. Philadelphia, Pa. D. 1*||. 

Arizona. Agricultural experiment station. Tucson. 

Annual report. Exp. L, 2,6+: P.1, 2,6+:58. L. ’09. 
Bulletin. D. 34: Exp. 1+: P. 1-39, 41+: 8. L. 710+. 
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Arizona. Horticultural commission. 
Annual report. P. 1+. 
Arkansas. Agricultural experiment station. Fayetteville. 
Annual report. Exp. 1+: P. 2, 3, 17, 20+. 
Bulletin. Exp. 1+: P. 14+. 
Arkansas. Geological survey. Little Rock. 
Annual report. I. U. 57-60, ’88-’92: N. H. ’88: P. 88-92*: R. P. ’88-790: 
S. IN: 792; 709. 
Report of a geological reconnaissance of the northern counties. N. H. 
1eo2s 
Arkansas (State) horticultural society. Little Rock. 
Annual report. Exp. 24, 29-+-. 
Arkiy for botanik. Stockholm, Sweden. N. D. 8+. 
Arkiv f6r zoologi. Stockholm, Sweden. N. D. 5+. 
Art amateur. New York. M. 7-11, 24, 25: N. D. 15, 16*, 17-21, 24-30, 35-38: 
P. 3-30: R. P. 17-45: S. N. 36-48. 
Art interchange. New York. M. 18-23, 39-51. 
Art journal. London, England. P. 4-6. 
Asiatic society of Bengal. Calcutta, India. 
Proceedings. Ac. ’85!~4, &10, ’861-4, 6, 8-10, 7Q71-10 988-79], °921-9 7932-5, 
8=10) 7941=10, 795, 796, "971-41 8-11 7983-11 799; *001-*: 
Asiatic society of Japan. Tokio. 
(Dransachions. gi. 2 tes) Or 
Association frangaise pour l’advancement des sciences. Paris, France. N. 
1 ag 16 
Association géodésique internationale. 
Comptes rendus des séances de |’ association. 
R. P. ’938+. 
Association of American agricultural colleges and experiment stations. 
Proceedings. Exp. 710+: P. 2+. 
Association of American geologists and naturalists. 
Reports. S. L. 1-3. 
Association of American medical colleges. 
Proceedings. I. U. 8, 18+. 
Association of American Portland cement manufacturers. Philadelphia, Pa. 
Bulletin. Exp. 10, 18-238, 25+. 
Association of engineering societies. Boston, Mass. 
Journal. P. 1-+-: R. P. 1+. 
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Associazione elettrotecnica italiana. Milan, Italy. 


Atti es Vat 
Astronomical journal. Boston, Mass.; Albany, N. Y. D. 7+: I. U. 2+: W. 
13-21. 


Astronomical society of the Pacific. San Francisco, Cal. 
Publications. I. U. 14. 
Astronomie. Paris, France. |. U. 1-4. 
Astronomische Nachrichten. Kiel, Germany. D. 113-138: I. U. 55-58, 107, 
111, 118, 121-122, 124+. 
Astronomy and astro-physics. Northfield, Minn. D. 11-13)|: I. U. 11-13): 
W. 11-13]|. 
Continues Siderial messenger q. v. Continued as Astrophysical journal gq. v. 
Astrophysical journal. Chicago, Ill. D. 1+: B. 2-6, 11+: I. U. 14+: N. D. 
1*, 2, 3*, 24*, 267: P. 7, 19-27, 29--: W. 1-6, 17-4. 
Continues Astronomy and astrophysics gq. v. 
Atlantic deeper waterways association. 
Proceedings. P. 1-3, 5+. 
Atlantic jou nal and friend of knowledge. Philadelphia, Pa. N. D. 1. 
Augustana college. Rock Island, Ill. 
Library publications. P. 4-6. 
Auk. Cambridge, Mass.; New York. Ac. 261: E. 22, 25, 26, 28, 29. 
Australian associaticn for the advancemcnt of scicnce. Sidney, Australia. 
Report. Ac. 7-12. 
Automobile. New York. P. 12+. 
Automobile trade journal. Philadelphia, Pa., P. 9+. 
Ayrshire breeders’ association. 
Report. Exp. 11. 
Yearbook. Exp. 711, 713. 
Bacteriological world and modern medicine. Battle Creek, Mich. N. D. 
ee 
Baltimore (Md.). See Johns Hopkins hospital; Johns Hopkins university. 
Barrels and bottles. Indianapolis, Ind. Exp. 10, 11*, 12+. 
Baumaterialienkunde. Stuttgart, Germany. P. 3*, 4, 5, 10-12)|. 
Bayerische Academie der Wissenschaften. See Koniglich bayerische, etc. 
Beet sugar gazette. Chicago, Ill. Exp. 1*, 2-3*, 4%. 
Beitrage zur Biologie der Pflanzen. Breslau, Germany. Exp. 1-4. 
Beitrage zur kenntniss der Baumkrankheiten. Berlin, Germany. Exp. ’88. 
Beitrage zur Mykologie. Frankfort, Germany. Exp. ’50-’63. 
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Beitrige zur Psychologie und Philosophie. Leipzig, Germany. I. U. 1+. 
Belfast natural history and philosophical society. Belfast, Ireland. 
Report. Ac. 785-88, ’96-’01, ’04-’06, ’08-’10: N. D. 711. 
Berliner astronomisches Jahrbuch. Berlin, Germany. I. U. ’34-’36, ’73, 
703, ’04. 
Berliner klinische Wochenschrift. Berlin, Germany. I. U. 438+. 
Better farming. Chicago, Ill. Exp. 32, 33*, 34+. 
Better fruit. Hood River, Ore. Exp. 1+: P. 2+. 
Bibliographia physiologica. Vienna, Austria. I. U. III. 14+: P. 1+. 
Bibliographia zoologica. Leipzig, Germany. I. U. 1-17, 19+. 
Bibliographic geographique annuelle. I. U. 7+. 
Biltmore (N. C.) botanical studies. N. D. 1+. 
Biochemical bulletin. New York. P. 1+. 
Biochemisches Centralblatt. Berlin; Leipzig, Germany. I. U. 4+. 
Biological bulletin. Woods’ Hole, Mass. D. 1+: F. 18-20: I. U. 1+: P. 
14+:S. N. 1+: W. 4+. 
Continues Zoological bulletin gq. v. 
Biological society of Washington, (D. C.). 
Proceedings. Ac. 1-23*: I. U. 1. 
Biologisches Centralblatt. Leipzig, Germany. D. 1-30; I. U. 1+. 
Biologisches Gesellschaft. Christiana, Norway. 
Mitteilungen. N. D. 18%. 
Biometrika. Cambridge, England. Exp. 8+: 1. U. 1+. 
Bird lore. Harrisburg, Pa.; New York. E. 1+: Exp. 1, 2: F. 12+: G. 1-3, 
4-6, 8, 12+: M. 12+: T. H. 9+: W. 3+. 
Birds and nature. Chicago, Ill. I. U. 1-14: L. P.1+:N.H. 1-16: 8. N. 1-21. 
Blatter fiir aquarien und terrarien kunde. Magdeburg, Germany. N. D. 24. 
Bollettino della arboricultura italiana. Exp. 5*, 6, 7: N. D. 5+. 
Boston (Mass.). See American academy of arts and sciences. 
Boston (Mass.) cooking school magazine. CG. 15*, 16+: P. 18+. 
Boston (Mass.) journal of natural history. R. P. 1-6: 8. L. 2-6. 
Boston (Mass.). Metropolitan water and sewerage board. 
Annual report. P. 1-9, 11+. 
Boston mycological club. Cambridge, Mass. 
Bulletin. N. D. 3-21. 
Boston society of natural history. Boston, Mass. 
Memoirs. Ac. 58: I. U. 4*: R. P. ’62-’69. 
Proceedings. Ac. 31°, 347: I. U. 26-83: R. P. 34-57. 


Boston (Mass.). Transit commission. 
Annual report. R. P. 5, 8, 10+. 
Boston (Mass.). Water board. 
Annual report. P. 16, 17, 19. 
Botanical gazette. Crawfordsville; Bloomington, Ind.; Chicago, Ill. Ae. 
14-0; B. 26-50: D. 12+: E. 13-30, 33+: F. 10-18, 27-32, 53+: I. U. 
13-++: M. 49-52: N. D. 9*-11*, 12-18, 24*-26*, 27, 28*, 30, 31*, 32, 34%, 
42*, 46*, 49*, 55+: P.1+:S. L. 4-13, 15+:8. N. 1, 2, 4, 6,8-+: W. 1+. 
Botanical journal. London, England. Ac. 2%*, 3+. 
Botanical magazine. London, England. See Curtis’s botanical magazine. 
Botanical magazine. Tokyo, Japan. Exp. 24, 25: N. D. 12, 13, 15, 18, 27. 
Botanical society of Edinburgh, Scotland. 
ransactlOnseNGs 22 5ee) 2d DAZ. 
Botanische veveening. Nijmengen, Holland. N. D. 713+. 
Bontanische Zeitung. Berlin; Leipzig, Germany. Exp. 34, 35, 44, 46, 48-65, 
67, 68: I. U. 1-16, 19+: W. 51-59. 
Botanischer Jahresbericht (Just’s). Berlin, Germany. D. 1-32: Exp. 1-9, 
14-17: W. 1-20. 
Botanischer Verein der Provinz Brandenburg. Berlin, Germany. 
Verhandlungen. Ac. 36+. 
Botanisches Centralblatt. Jena, Germany. D. 1+: Exp. 1-88: I. U. 1+: 
W. 49-60, 89+. 
Beihefte. D. 1+: Exp. 1-9, 21-28: I. U. 6-7, 9+. 
Botanisches Institut. Wiirzburg, Germany. 
Arbeiten. Exp. 1, 2. 
Botanisches Staats-Institut. Hamburg, Germany. 
Mitteilungen. N. D. 23+. 
Botaniska notiser. Jund, Sweden. N. D. ’09+. 
Brain. London, England. I. U. 12-14, 17+: 58. N. 138, 15+. 
Braithwaite’s retrospect of practical medicine and surgery. New York. D. 
1, 3-47, 85-87: N. H. 84*, 106. 
Brazil. See Museu Goeldi. | 
Breeder’s gazette. Chicago, Ill. D. 55: Exp. 27*, 42*, 43, 44*, 45, 46, 49%, 
50*, 51*, 52*, 53, 54, 55*, 56*, 57+: N. H. 58+: P.1+:S. L. 1-52. 
Brickbuilder. Boston, Mass. G. 18+: N. D. 13*, 14*, 17*, 18*, 19+: R. P. 
9+-. 
Bristol (England) naturalists’ society. 


Proceedings. Ac. 12 3, 2)-3, 3}. 
£ ) 
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British and foreign medico-chirurgical review. London, England. 
Report. N.H. 1-56. 
British annual and epitome of the progress of science. London, England. 
IN UAE. 738: 
British association for the advancement of science. London, England. 
Report. N.H. 54-56: R. P. 31+: S. L. 1-59. 
British astronomical association. London, England. 
Journal. I. U. 1+. 
Memoirs. I. U. 11, 14, 16-17. 
British Columbia. Agriculture, Department of. Victoria. 
Annual report. Exp. ’95, ’96, 02+: P. ’94. 
Bulletin. Exp. 11-15, 17, 18, 26, 27, 30, 32, 37-40, 44+: P. 26, 30, 37-40, 
42, 44, 45, 47, 49+. 
British Columbia dairymen’s association. Victoria. 
Report. Exp. 706: P. 712. 
British Columbia farmers’ institutes. Victoria. 
Annual report. Exp. 700-703, 705, ’09, 11: P. 712. 
British Columbia fruit-grower’s association. Victoria. 
Report. Exp. 710: P. 710, 712. 
British Columbia. Mines, Department of. 
Annual report. S. L. ’96-’98, 1900-704. ‘ 
British Columbia poultry association. Victoria. 
Report. Exp. 710. 
British Columbia stock breeders’ association. 
Annual report. P. ’09. 
British journal of psychology. Cambridge, England. P. 2+. 
British journal of tuberculosis. London, England. 8. L. 2+. 
British medical journal. London, England. I. U. ’06+: T. H. 709+. 
British patents, Abridgements of. R. P. 1558--. 
Brooklyn (N. Y.) institute of arts and sciences. Museum. 
Science bulletin. N. D. 1+. 
Broteria. Revista de sciencias naturaes do collegio de San Fiel. Lisbon, 
Portugal. N.D.1+. 
Brown university. Providence, R. 1. Biological laboratory. Studies. I.U. 
L-F. 
Brussels (Belgium). L’agriculture, Administration de. 
Bulletin. Exp. o. s. 18*-23*; n. s. 1*-3*. 
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Brussels (Belgium) jardin botanique de l’etat. 
Bulletin. N. D. 3+. 
Conspectus florae africae. N. D.1, 5. 
Brussels (Belgium). Observatoire royal de Belgique. 
Annales physique. Ac. 3. 
Annales astronomique. Ac. 91, 111: I. U. 1*, 13*: S. L. 6. 

Bryn Mawr (Pa.) college. 

Monographs. Ac. 12-4, 5-7,9: N. D. reprint ser. 9-+-. 

Bryologist. Brooklyn, N.Y. N. D. 13+. 

Budapest (Hungary). See Magyar botanikai Lapok; Magyar Kiralyi termes- 
zeltudomanyi tarsulat; Magyar maddrtani k6zpont folydirata; Magyar 
nemzeti miizeum. 

Buenos Aires (Argentine Republic). See Museo de la Plata; Museo nacional; 

Sociedad cientifica Argentina. 
Buenos Aires (Argentine Republic) universidad. 
Anales. P. 1-3, 6-15. 
Buffalo society of natural sciences. Buffalo, N. Y. 
Bulletin. Ac. 1-4, 5!) 2. 5, 6, 93: ‘Exp. By, (rete 1B Il 

Builder and woodworker. New York. N. H. 18. 

Building age. New York. Ft. W. 32+: G. 32+. 
Continues Carpentry and building gq. v. 

Building management. Chicago, Ill. G. 10+. 

Building progress. N. D. 1*-3*, 4+. 

Buitenzorg (Java). Jardin botanique. 

Annales. (Botanical and zoological parts). I. U. II.1+. 

Bulletin astronomique de l’observatoire de Paris (France). I. U. 14-28: W. 
15-17. 

Continues astronomical section of Bulletin des sciences mathematiques et astronomiques 
ee0 

Bulletin des sciences mathématiques et astronomique. Paris, France. I. U. 
j WES Ta 0s Op Fe 
Since 1884 the astronomical portion has been published as a separate serial. See Bulletin 


astronomique. 
Bulletin of American paleontology. Ithaca, N. Y. I. U. 1,4. 
Bulletin of pharmacy. Detroit, Mich. N. D. 16*-20*, 23, 24*, 25, 26*, 21*: 
P. 14+. 
Butchers’ and packers’ gazette. St. Louis, Mo. Exp. 103*, 104*, 105+. 
Butter, cheese and egg journal. Milwaukee, Wis. Exp. 2*, 3+. 
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California academy of sciences. San Francisco, Cal. 
Bulletin. Ac. 14, 25-8. 
Occasional papers. Ac. 1-9: I. U. 1, 5. 
Proceedings. Ac. Il, 1) ?, 2,3. 2, 4% 2) 542 65 TIL: bot. 15% 240 ecme 
110 26:2>math. and phys. 1°: zool. 12 2!) 3543) 4 
I. U. IL. 5, 6; III. bot. 14, geol. 1+, zool. 1+: N. D. IV. 1+. 
California agricultural experiment station. Berkeley. 
Annual report. D.’97-’98: Exp. 788-04: P. ’88-’04. 
Bulletin. D. 107, 160, 165, 170, 171: Exp. 3-49, 51-61, 63+: P. 88+. 
Reports of the viticultural work. D. ’87-’93: Exp. ’83-’95: P. ’83-’95. 
California agricultural experiment station. South Pasadena. 
Bulletin. Exp. 2-3, 5-10, 13. 
California (state) agricultural society. 
Transactions. P. ’00, ’01, ’05-’08, ’10-’12. S. L. 758+. 
California association of nurserymen. 
Transactions. P.1+. 
California conservation commission. Sacramento. 
Report. N. D. 712--. 
California cultivator. Los Angeles. Exp. 34*, 35*, 36*, 37+. 
California dairy association. San Francisco. 
Proceedings. Exp. ’98. 
California. Forestry, State board of. 
Biennial report. P. 3. 
Bulletin. P. 1. 
California fruit growers’ convention. 
Proceedings. P. 18, 19, 28, 29, 35+. 
California. Geological survey. 
Report. E. 1, 2. 
California. Health, State board of. 
Biennial report. P. ’84-’96, 798-710. 
Monthly bulletin. P. 5-7. 
California. Horticulture, State board of. Sacramento. 
Annual report. Exp. ’89-’92. 
Biennial report. Exp. ’85-’86, ’93-’98, ’01-’02: P. ’93-’94. 
Bulletin. Exp. 57, 58, 63-67. 
Transactions. Exp. 793. 
California. Horticulture, State commissioner of. 
Biennial report. Exp. ’03-’06, ’11+: P. ’05-’08, ’11, 712. 
Monthly bulletin. Exp. 1+. 
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California (State) medical society. 
Transactions. N. H. 772. 

California railroad commission. Sacramento. 
Report. N. D. 712+. 

California registration board. 

Report. Exp. 712. 

California (state) university chronicle. Berkeley. P. 11+. 
California (state) university. Geology, Department of, Berkeley. 

Bulletin. Ac: 12-™> 14: Exp. 14: 1, U. 1-. 

California (state) university. Lick observatory. Mt. Hamilton. 

Bulletin. I. U. 1-4. 

Publications. I. U. 1-3, 5, 8: N. D. 1-3. 

California (state) university. Physiology, department of, Berkeley. Ae. 

31-17, 41-13, 16, 17; JT, UL 1+. 

California (state) university. Publications. Berkeley. 

Agricultural sciences. Exp. 1% 

Botany: N. D..1, 2*,; 3*, 4*, 5--. 

California. Ventura county horticultural commissioner. Santa Paula. 

Bulletin. Exp. 1, 2. 

California (state) water commission. Sacramento. 
Report. N. D. 712+. 
Camera. Philadelphia, Pa. G. 17+. 
Canada. See also Alberta; Manitoba; Nova Scotia, Ontario; Prince Edward 
Island; Quebec; Saskatchewan; Western Canada. 
Canada. Agriculture, Department of. Ottawa. 

Bulletins of the central experimental farms. Exp. 1-7, 9-22, 24-29, 31-34, 
36-66, 68+: II. 5, 7, 9, 10, 12+: P. 3-6, 11, 12, 14, 16-29, 31-34, 36-66, 
68+. 

Reports. Exp. ’89-’07, 709+: P. 86, ’88-+. 

Canada. Agriculture, Minister of. Toronto. 

Annual report. Exp. 1, 2. 

Canada. Conservation, Commission of. Ottawa. 

Report. Exp. 710, 712+: P. 14:8. L. 710+. 

Canada. Dairy and cold storage commissioner’s branch. Ottawa. 

Annual report. Exp. 706, ’07, ’09-11: P. ’06, 710, ’11. 

Bulletin... Exp. o. s. 4,.n.'s. 2; 3,6, 12, 13, 15,18, 20, 24, 25, 38: P. ns. 
7, 12, 18, 28, 25, 28, 30. 

Canada. Entomologist, Dominion. Ottawa. 

Reports. Exp. 710+. 
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Canada. Forestry and irrigation, Superintendent of. 
Report. P. ’09-710. 
Canada. Game commissioners. Toronto. 
Report. Exp. 706. 
Canada. Geological survey. 
Annual report. I. U.n.s. 2, 5-16: N. D. 704-711: P. n. s. 1-++: R. P. °47-"58: 
TEN l=aien9s 5. lus 65=-08. 
Catalogue of Canadian plants. S. N. 7. 
Contributions to paleontology. N.D.3-+:8. L. 1*, 2*, 3*, 4%. 
Memoirs. N. D. 1-17, 21, 24, 27, 28, 33, 35+: 8S. L. 1+. 
Report of progress. P. 20-27. 
Canada. Geological and natural history survey. 
Summary reports. P. ’85-’87, ’89, ’91, ’05, ’06. 
Canada good roads association. Toronto. 
Report. Exp. 794. 
Canada horticultural societies of Ontario. ‘Toronto. 
Report. Exp. 06+: P. 06+. 
Canada. Horticulturist, Dominion. Ottawa. 
Report. Exp. 710. 
Canada. Inland revenue department, Laboratory of. Ottawa. 
Bulletin. Exp. 54-60, 65-71, 82, 83, 85, 95, 97-100, 108, 109, 112, 113, 153, 
159, 175, 182, 222. 
Report. Fxp. 709. 
Canada. Interior, Department of. 
Report of the chief astronomer. I. U. ’05, ’09. 
Canada. Interior, Department of. Forestry branch. Ottawa. 
Bulletin. Icxp. 2-9, 13, 14, 16-31, 33+: P. 1+. 
Report. Exp. ’96*-’09*, 11*, 12+. 
Canada. International commission on the control of bovine tuberculosis. 
Ottawa. 
Annual report. Exp. 710. 
Canada. Live stock commissioner. Ottawa. 
Bulletin. Exp. 7-9, 11+. 
Canada. Meteorological service. 
Annual report. R. P. ’88-’90, ’95-’05. 
Canada. Mines, Department of. 
Bulletin. S. L. 709+. 
Report. S. L. 706-711. 


Canada. Patent office. 
Record. R. P. 24+. 
Canada poultry institutes. Guelph. 
Report. Exp. 1-4. 
Canada provincial instructor in road making. Toronto. 
Annual report. Exp. ’96-’08. 
Bulletin. Exp. 1, 2. 
Canada. Veterinary director-general and live stock commissioner. Ottawa. 
Report. Exp. ’07, ’08, ’10, ’11. 
Canada woman’s institute. Toronto. 
Report. Exp. 706, ’07, ’08*, 709, 710, ’11*, 712+. 
Canada year books. Exp. ’05-’09. 
Canadian department of mines. Ottawa. 
Memoirs of geological survey. N. D. 1-17, 21, 24, 27, 28, 33, 35+. 
Canadian entomologist. Toronto; London, Ontario. D. 24-30*: Exp. 21*: 
P. 39+: 8S. N. 21-29. 
Canadian forestry association. 
Report. P. 11+. 
Canadian institute. Toronto. 
Annual report. Ac. ’86-’91. 
Proceedings, Ac: TIL. 324, 41" 2, 5% 2 62) 2 74-6. Pat 21-6 
Mrancactions, - Ac. 1472, 21: 2, 42, 51, 2 61, 2, 71-3. gi-4 gt. 
Canadian record of science. Montreal, Can. Ac. 1? 4, 2-3. 5. 6:7, U. 7-8. 
Canadian science monthly. Kentville, N.S. Ac. 3% 11, 
Canadian seed growers’ association. Ottawa. 
Report. Exp. 704+: P. 704+. 
Canal record. (Isthmian canal.) Ancon, Canal Zone. P. 1+. 
Cape of Good Hope. Entomologist report, Government. Cape Town. 
Annual report. Exp. ’95-’98. 
Cape of Good Hope agricultural journal. P. 27-29, 37+. 
Cape of Good Hope. Royal observatory. 
Report. S. L. 709+. 
Carnegie institution of Washington (D. C.). 
Publications. D. 15: I. U. 1-19, 21-54, 56-62, 64-79, 81-85, 87-149, 152- 
158, 160-162, 166, 167, 171, 174, 176+: N. D. 1+.: P.4+: 5S. N. 12, 
18, 19, 23, 30, 36, 37, 47, 49, 50, 51, 58, 64, 67, 70, 82, 94, 95, 98, 99, 
112, 114, 117. 
Year-book. P. 1+. 
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Carnegie institution. Marine biological laboratory. Tortugas, Fla. 
Papers. S. N. 1, 2. 
Carnegie institute. Pittsburg, Pa. 
Annals. Ac. 701+: 1. U. 1+: N. D. 1*, 3*, 4*, 5*. 
Annual report, -8e,798.-: 1. U. is Poa Wi 
Celebration of founder’s day. Ac. ’98-’00, ’02-’05, ’07+: I. U. 1+. 
Memoirs. Ac. 1, 2, 31, 45-7: I. U. 1+. 
Prize essay contest. Ac. 799-04: I. U. 1+. 
Carpentry and building.. New York. Ft. W. 31||. 
Continued by Building age gq. v. 
Carlson’s breeders’ review. Norfolk, Neb. Exp. 1*, 2+. 
Cassier’s magazine. New York. F. 39+: Ft. W. 19, 21+: G. 35+: I. U. 
28-30: L. P. 18-26: M. 41-+-: P. 4+: R. P. 5-33, 36-+-: S. Nocera 
H. 7+. 
Cattle specialist. Waukesha, Wis. Exp. 2*, 3*° 
Cellule, Lierre, Belgium. I. U. 22+: N. D. 14+. 
Cement age. New York. N. D. 2*, 7*. 
Continues as Concrete-cement age q. 2. 
Cement era. Chicago, Ill. N. D. 5*. 
Cement world. Chicago, Ill. N.D. 1*, 2*, 3, 4, 5*, 6: R. P. 2--. 
Central Park menagerie. New York. 
Reports. Ac.’88-’90. 
Central railway club. Buffalo, N. Y. 
Proceedings. P. 2+. 
Central states medical monitor. Indianapolis, Ind. P. 5-11*. 
Centralblatt fiir allgemeine und experimentale Biologie. I. U. 1+. 
Centralblatt fiir agrikultur Chemie (Biederman). Leipzig, Germany. Exp. 
Wis, digale)s Ae 
Centralblatt fiir Bakteriologie. Parasitenkunde und Infektionskrankheiten. 
Jena, Germany. P. 36+. 
Erste Abtheilung. Exp. 1-18: I. U. 1-30). 


After 39 issued in two series, Referate and Originale. 
Referate. Exp. 46+: 1. U. 31-56, 60, 62, 63, 65-++-: P. 36+. 
Originale. Exp. 53+: 
Zweite Abtheilung. Exp. 2+: 1. U. 1-20, 22-29, 31-+-. 
Centralblatt fiir Electrotechnik. Munich, Germany. R. P. 7-10. 
Centralblatt fiir Mineralogie, Geologie und Palaeontologie. Stuttgart, Ger- 
many. I. U. 1-12. 


A supplement to Neues Jahrbuch fiir Mineralogie gq. v. 
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Centralblatt fiir normale Anatomie und Mikrotechnik. Berlin, Germany. 
Ie sUe Ie. 
Centralblatt fiir Physiologie. Berlin; Leipzig, Germany. P. 19+: W. 6. 
Charleston (S. C.) museum. 
Bulletin. N. D. 8+. 
Chemical abstracts. See American chemical society. 
Chemical engineer. Philadelpkia, Pa.; Chicago, Ill. E. 11+: N. D. 1*, 
4-6, 10*, 16*, 17+: P. 1+. 
Chemical engineering and physical chemistry. B. 1+. 
Chemical news. London, England. D. 1-61: N. D. 1-3, 80-95, 97, 98, $9*, 
100*, 101*, 104*, 107+: P. 33+: R. P. 71+:S. N. 39-52, 61-63, 68+: 
W. 1-6. 
Chemical socicty of London, Fngland. 
Annual report. B.’10-+: D. 1-6: Exp. 1+: P. 1+. 
Journal. B. 706+: D. 24+: Exp. 1+: N. D. 16-96, 101+: R. P. 28+: 
W. 59+. 
Chemiker-zeitung. Céthen, Germany. Exp. 27+: I. U. 1-19. 
Beilage. Chemisch-technisches repertorium. Exp. 33, 34. 
Chemisches Centralblatt. Hamburg; Berlin, Germany. Exp. 60, 61: I. U. 
52+:N. D. 77+: P. 47+: R. P. 704+. 
Chemist and druggist. London, England. P. 70+: 
Chicago (Ill.) academy of sciences. 
Annual report. Ac. ’95-’97. 
Special publications. Ac. 3. 
Bulletin. Ac. 15-1, 22-4 355: N. D. 3. 
Chicago (Ill.). Geological and natural history survey. 
Bulletin, Ac. 6; 7: N. D-1. 
Chicago (Ill.) dairy produce. Exp. 13*, 17*, 18+. 
Chicago (Ill.) entomological society. 
Memoirs. Ac. 1. 
Chicago (Ill.). Health, Department of. 
Biennial report. Exp. ’94-’96. 
Chicago (Ill.) medical journal. D. 27, 28*. 
Chicago (Ill.) university. Hull physiological laboratory. Physiological 
archives. I. U. 1. 
Chile, Universidad de. Santiago. 
Anales. I. U. 103, 108-123, 125+: P. ’82*-+-. 
China. Agriculture and forestry, Department of. 
Agricultural journal. Exp. 1*+. 
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Christiania, Norway. See Videnskabs selskabet. 
Cincinnati (O.) lancet and observer. N.H.n.s. 1*, 2, 3*. 


Continued as Cincinnati lancet-clinic g. v. 
Cincinnati (O.) lancet-clinic. D.n. s. 2-4, 5*, 6-8, 9*, 10-12, 13*, 14-16, 17*, 
1S 552A Se cen S-16=24=- 
Continues Cincinnati lancet and observer gq. v. 
Cincinnati (O.) medical and surgical news. D.n.s. 1*, 2*. 
Cincinnati (O.) museum association. 
Report. Exp. 19-28. 
Cincinnati (O.) society of natural history. 
Journal. Ac. 11, 12'-3, 153: 4, 162-4: I. U. 4+: 8S. L. 1-10. 
Cincinnati (O.) observatory. 
Annual report. I. U.’70. 
Cincinnati (O.) quarterly journal of science. I. U. 1, 2. 
Cincinnati (O.) university. 
Record. N. D. I. 8+: Il. 7+. 
Studies. I. U. II. 3+: P. Il. 1+. 
Circolo mathematico. Palerno, Italy. 
Rendiconti. I. U. 14+. 
Civil engineers’ and architects journal. London, England. R. P. 1-25. 
Clark university. Worcester, Mass. 
Nature study leaflet. P. 1, 2. 
Clemson college. See South Carolina. 
Cold. Calcium, N. Y. Exp. 1+. 
Coleman’s rural world. St. Louis, Mo. Exp. 63*, 64+. 
College of physicians of Philadelphia (Pa.). 
Proceedings. N. H. 1789. 
Colorado. Agriculture, State board of. Denver. 
Annual report. Exp. 2, 16, 26, 28, 30, 32+: N. D. 23: P. 2, 4, ,12-18, 
20, 22, 24, 26, 28. 
Colorado. Agricultural experiment station. Fort Collins. 
Annual report. Exp. 1+: N. D. 3, 14, 16, 22, 24, 23, 34: P. 1, 2, 4+. 
Bulletin. D. 31, 35, 44, 64, 96-99, 101, 103-106: Exp. 1-179, 181+: N. D. 
100, 150-152, 157, 158, 160-179, 180+: P. 1+:S. L. 34, 35, 43, 44, 49-53, 
100, 117-119. 
Colorado college. Colorado Springs. 
Publication. I. U. 33-35, 39-53: N. D. science ser. 11+; social ser. 2+: 
P. sci. ser. 13-20, 23-26, 30-32, 39+: Eng. ser. 1+. 
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Colorado (state) engineer. 
Biennial report. P. 14. 
Colorado (state) entomologist. 
Annual report. P. 3. 
Colorado fruit grower. Grand Junction. Exp. 3-4*. 
Colorado. Geological survey. 
Bulletin. I. U. 1+. 
Report.. I: UE 1--. 
Colorado. Horticulture, State board of. Denver 
Annual report. Exp. 18, 14, 16: P. 2, 5, 7, 11-15, 18, 19, 21+. 
Colorado school of mines. Golden. 
Bulletin. P. 1-4*. 
Colorado scientific society. Denver, Col. 
Bulletin. Ac. ’971°: 11, 981, 7993: 4, 7002. 
Proceedings. Ac, 1,.2*-*, 3)-*) 5-9: 1. UL 2-5: P. 9. 
Colorado university. Boulder, Col. 
Studies. I. U.1+:N. D.7+: P. 14+. 
Journal of engineering. P. 1+. 
Colorado university. Psychology and education, Department of. Boulder, 
Col. 
Investigations. I. U. 1. 
Columbia university. New York. 
Ernest Kempton Adams fund for physical research publications. P. 4, 6. 
Columbia university. Botany, Department of. New York. 
Contributions. N. D. 14. 
Memoirs. N. D. 1, 2. 
Bulletin. P. 1-20). 


Continued as 
Quarterly. I. U. 1+: P. 1+: W. 1+. 
Columbus (O.) horticultural society. 
Report. Exp. ’95, ’99-’03: P. ’87, ’95-’00, ’03-’09. 
Columbus (O.) medical journal. D. 1-8*. 
Continues Ohio medical journal. Columbus. gq. 2. 
Comité geologique. St. Petersburg, Russia. 
Bulletins. Ac. 17+. 
Mem GINS ACs 224i) Son) 9 ae LO 122) 182A AS 15 Gta es. Soe, 
19, 20': 2; n.s. 1-38, 40-61, 63-69, 71, 75, 78, 81+. 
Supplement to bulletins. Ac. 14-17. 


266 


Comité regional del estado de Durango (Mexico). 
Boletino. N. D. 1, 2, 3+. 
Commercial fertilizer. Atlanta, Ga. Exp. 1*, 2+ 
Commercial poultry. Marseilles, Ill. Exp. 19*. 
Compressed air. Easton, Pa. R. P. 5, 7, 9-14. 
Concrete. Detroit, Mich. Ft. W. 8||: N. D. 4*-12*. 
Continued as Concrete-cement age gq. v. 
Concrete-cement age. Detroit, Mich. Ft. W. 1+: G. 8+: N. D. 1*, 2*. 
Continues Concrete, g. v., and Cement age, q. v. 
Concrete review. Philadelphia, Pa. N. D. 3*. 
Congrés international des sciences géographiques. See International geo- 
graphic congress. 
Congrés scientifique international des catholiques. Fribourg, Switzerland. 
Compte rendu. N. D. ’89, ’91, ’98, 795. 
Connecticut academy of arts and sciences. New Haven, Conn. 
Memoirs. Ae. 2, 3. 
Transactions. Ac. 8, 9%, 10+: N. D. 14, 16+. 
Connecticut. Agricultural experiment station. New Haven. 
Annual report. D. 23*: Exp. °76, ’79-"11, ’12*: P. °79-+-. 
Bulletin. Exp. 1, 17, 21, 23-30, 33-56, 58-67 69, 71+: P. 60, 71, 73-77, 
79-82, 84, 85, 87, 89+: S. L. 11+. 
Connecticut. Agricultural experiment station (Storrs). Mansfield. 
Annual report. Exp. 1-++: P. ’88+. 
Bulletin. D. 4: Exp. 1+: P.1+. 
Connecticut (state) agricultural society. 
Transactions. S. L. 754-’57. 
Connecticut. Agriculture, Board of. Hartford. 
Report. Exp. 43: P. 13, 14, 16+. 
Connecticut. Dairy commissioner. Hartford. 
Report. Exp. 7: P. 2, 3, 6-17. 
Connecticut. Domestic animals, Commissioners on diseases of. 
Report. P. 1, 5-7, 9+. 
Connecticut (state) entomologist. Hartford. 
Report. Exp. 1-8, 10. 
Connecticut farmer and New England farms. New Haven. Exp. 41*, 42+. 
Connecticut. Fisheries and game, commissioners. 
Report. P. ’09, 710. 
Connecticut forestry association. 
Bulletin. Exp. 4-6. 
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Connecticut. Geological and natural history survey. Hartford. Exp. 11: 
I. U. 10-11, 18+: P. 1+. 
Connecticut. Health, State board of. Hartford. 
Report. Exp. ’08: P. 783+. 
Connecticut. Highway commissioner. 
Biennial report. P. ’97-’00, ’05-’08. 
Connecticut pomological society. Milford. 
Report. Exp. 700. 
Connecticut. Railroad commissioners. 
Annual report. P. 55-59. 
Connecticut. Shell-fish commissioners. 
Reporte le. 09, 10: 
Connecticut society of civil engineers. New Haven. 
Proceedings. P. 2, 6, 7, 9+. 
Conservation. Exp. 8*, 9, 10*, 11, 12, 13*, 14*, 15*||: N. H. 14, 15]|: P. 14, 15]]. 
Continues Forestry and irrigation q. v.; continued as American forestry q. v. 
Corn. Waterloo, Ia. Exp. 1+. 
Corn belt meat producers. Des Moines, Ia. 
Annual report. Exp. ’09, 10. 
Cornell civil engineer. Ithaca, N. Y. P. 15. 


Continues Cornell university—Association of civil engineers. Transactions. gq. vt. 
Cornell countryman. Ithaca, N.Y. P. 1*, 2*, 3*, 4-6. 
Cornell university. Association of civil engineers. Ithaca, N. Y. 


Transactions. P. 1-14). 


Continues as Cornel civil engineer g. v. 

Cotton seed. Atlanta, Ga. Exp. 7-+. 

Country calendar. New York. Exp. 1*||. 
Merged in Country life in America q. v. 

Country gentleman. Albany, N. Y. Exp. 3-53, 54*, 55*, 57*, 60*, 62*, 63*, 76*, 
77*, 78+: G. 78+: S. L. 6-72. 

Country life in America. Garden City, N. Y. Exp. 3-6, 7*, 9*, 11*, 13*, 14-18, 
20-E; Ft. W. 7-10, 12-19, 21--: G.3--: P.2--. 

Craftsman. Syracuse, N.Y. Ft. W. 3-10, 12+: P. 1+. 

Creamery journal. Waterloo, Ia. Exp. 19*, 20+: P. 17+. 

Criador paulista. Sao Paulo, Brazil. Exp. 1*, 2*, 3*, 4, 5, 6*, 7+. 

Cuba. Agricultura, industria y commercio, Secretaria de. Santiago de Las 
Vegas. 

Circulars. Exp. 7, 9, 11, 15, 18. 
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Cuba. Estacion central agronomica. 
Annual report. Exp. 04, ’05. 
Cuba. Horticultural society. Camaguey. 
Annual report. Exp. 1. 
Cultivator. Albany, N.Y. N. H. 1-6, 11, 12: 8. L. 1-5; n.s. 1-8. 


Continued as Cultivator and country gentleman. See Country gentleman. 
Curtis’s botanical magazine. London, England. N. D. 1-13, 22, 23: n. s. 6. 
Dairy record. St. Paul, Minn. Exp. 7*, 11*, 12+: P. 5*, 6, 7*, 8+. 
Dairymen’s association of the province of Quebec. 
Annual report. Exp. 795, ’96, ’09, ’10. 
Dakota farmer. Aberdeen, 8. D. Exp. 30*, 31*. 
Davenport (Ia.) academy of natural sciences. 
Proceedings. Ac. 32-3, 51,6,7: N. D. 10. 
Decorator and furnisher. New York. P. 1-16, 19, 20, 22-23, 24*-31*. 
Delaware. See also Peninsula horticultural society. 
Delaware. Agricultural experiment station. Newark. 
Annual report. Exp. 1-19, 21+: P. 1+. 
Bulletin. Exp. 1+: 8S. L. 10+: P. 1+. 
Special bulletin. Exp. A, B. 
Delaware. Agriculture, State board of. Dover. 
Report of the secretary. Exp. 1-4: P. 1. 
Delaware (state) grange. Dover. 
Proceedings. Exp. ’07-’10. 
Denison university. Scientific laboratories. Granville, O. 
Bulletin. Ac. 2-5, 61, 92, 10, 11-8, 13*-*, 14*-18, 15, 16-7, 17742100; 
1, 10+. 
Denver (Colo.) municipal facts. Exp. 1*, 2*. 
Deutscher amerikanischer Farmer. Lincoln, Neb. Exp. 21*, 22*, 24+. 
Deutsche botanische Gesellschaft. Berlin, Germany. 
Berichte. Exp. 1-28, 30*+: I. U. 1+: W. 13-15. 
Deutsche chemische Gesellschaft. Berlin, Germany. 
Berichte. D. 7+: I. U. 1+: N. D. 29+: P. 1+: S. L. 46-++: W. 1+. 
Deutsche dendrologische Gellschaft. Poppelsdorf; Bonn, Germany. 
Mitteilungen. N. D.’11+. 
Deutsche geologische Gesellschaft. Berlin, Germany. 
Zeitschrift. I. U. 56+. 
Deutsche Gesellschaft fiir Natur- und Vélkerkunde Ostasiens. ‘Tokio, Japan. 
Mitteilungen. Ac. 9? supp. 2, 104-3, 11-4, 121.2 19-3, 1462, 
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Deutsche Kunst und Dekoration. Darmstadt, Germany. P. 17+. 
Deutsche Landwirtschaft-Gesellschaft. Berlin, Germany. 
Jahrbuch. Exp. 25 
Mitteilungen. Exp. 27-+-. 
Deutsche Mechaniker-Zeitung. Berlin, Germany. P. ’08. 
Deutsche micrologische Gesellschaft. See Kleinwelt. 
Deutsche tierarzliche Wochenschrift. Hanover, Germany. Exp. 18+. 
Deutsche zoologische Gesellschaft. Leipzig, Germany. 
Verhandlungen. I. U.5. 
Dietetic gazette. New York; Philadelphia, Pa. D. o. s. 3-6*. 
Digest of physical tests and laboratory practice. Philadelphia, Pa. R. P. 
2 
Dingler’s polytechnisches Journal. Stuttgart; Berlin, Germany. P. 320+: 
R. P. 259-262, 267-319. 
District of Columbia. Health, Board of. 
Annual report. Exp. ’97-’04: P. ’84+. 
Dixie miller. Nashville, Tenn. Exp. 35*, 36+. 
Domestic engineering, plumbing, heating, ventilation, and mill supplies. Chi- 
cago, Illy: P..11*-13*, 33*, 34*. 
Dorpat, Russia. See Turjey, Russia. 
Draftsman. Cleveland, O. See Industrial magazine. 
Drainage journal. Indianapolis, Ind. Exp. 10*, 11, 12*, 13*, 14*, 15*, 16%, 
ieeml Seon ZO 2a e2s 2c 2A 
Druggist. See Meyer brothers druggist. 
Druggist’s circular and chemical gazette. New York. N.D.47*-56*: P.19-+. 
Dudley observatory. Albany, N. Y. 
Annals. S. L. 1, 2. 
Dunfriesshire and Galloway natural history and antiquarian society. Dum- 
fries, Scotland. 
Transactions. N. D. 24+. 
Eastern farmer dairyman. Oxford, Pa. Exp. 14%, 15, 16, 17%. 
Eclairage électrique. Paris, France. P. 1-13, 42-53). 
Continued as Lumiere electrique g. v. 
Eclectic medical journal. Cincinnati, O. 3. L. 19, 20. 
Eclectic medical journal of Pennsylvania. Philadelphia, Pa. D. 9*, 12-18%. 
Ecole polytechnique. 
Journal. 1. U. 1..1-64; 11. 1-+. 
Economic fungi. Cambridge, Mass. Exp. 1-550. 
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Economic geology. Lancaster, Pa.; Urbana, Ill. E. 1+: I. U. 1+: N. D. 
1+: 8. N. 1+. 
Continues American geologist q. v. 
Edinburgh (Scotland). See Botanical society. 
Edinburgh (Scotland) mathematical society. 
Proceedings. I. U.1+. 
Edinburgh (Scotland). Royal botanical garden. 
Notes. Ac. 22-27, 33. 
Edinburgh (Scotland). Royal observatory. 
Annual report. S. L. 709+. 
Edinburgh (Scotland) veterinary review and annals of comparative pathology. 
Exp. 1-3: P. 1-6. 
Egypt exploration fund. London, England. 
Archaeological report. I. U. ’02-’09, 711, 712. 
Report of meetings. I. U. 18, 19, 26, 27, 30+. 
Electric journal. Pittsburg, Pa. Ft. W.3:G. 10+: N. D. 1+: P. 1+: R. P. 
2+. 
Electric railway journal. New York. Ft. W. 32, 33, 35+: G. 33+: P. 32+. 
Formed by consolidation of the Electric railway review (q.v.) and the Street railway journal 
(q. v.) continuing the volume numbers of the latter. 
Electric railway review. Chicego, Ill. P. 17-19). 
Continues Street railway review (qg. v.). Combined in 1908 with Street railway journal 
(q. v.) and became Electric railway journal (q. v.). 
Electric age. New York. M. 13, 17-20: P. 35-39. 
Electrical engineer. London, England. R. P. 1-32*. 
Electrical engineer. New York. N. D. 12, 18, 22, 24: P. 7-26: R. P. 7-27]|. 
Continues Electrician and electrical engineer g. v. Combined in 1899 with the Electrical 
world q. v. 
Electrical review. London, England. R.P.26+. 
Electrical review. New York; Chicago, Ill. G. 60+: M. 54+: P. 2, 4-13, 
15, 16*, 17, 18, 20*, 21*, 357, 36--: R. PP sl. 
After 52 called Electrical review and western electrician. 
Electrical world. New York. D. 3-4, 19+: E. 16, 17: Ft. W. 39, 42+: G. 
53+: I. U. 114+: M. monthly 18; weekly 49-55: N. D. 795+: P. 6+: 
R. P. 24+:58. N. 23+: T. H. 51-55. 
Combined in 1889 with Electrical engineer (q. v.) and volumes 33-46 were called Electrical 


world and engineer. 
Electrician. London, England. D. 28-87: I. U. 52+: P. 21*, 22*, 23*: R. P. 
47+. 
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Electrician and electrical engineer. New York. P. 1-6)|. 
Continued as Electrical engineer q. v. 

Electrician and mechanic. Boston, Mass. E. 25+: Ft. W. 18+: G. 26+. 

Electrochemical and metallurgical industry. New York. See Metallurgical 
and chemical engineering. 

Electrochemical industry. New York. See Metallurgical and chemical 
engineering. 

Elektrotechnische Zeitschrift. Berlin, Germany. P. 26+: R. P. 6, 7, 12+. 

Elgin (Ill.) dairy report. Hxp. 18*, 19--. 

Elisha Mitchell scientific society of the university of North Carolina. Chapel 
aS NEC: 

Journal. Ac. 1-3, 41, 5+: N. D. 24+. 

Eporium of arts and sciences. Philadelphia, Pa. R. P.n.s. 1. 

Engineer. Chicago. P. 39*, 40*, 41*, 43-45||: R. P. 1-28, 41, 69, 70, 97+. 
Merged with Power (gq. v.) in 1908 and became Power and the engineer. 

Engineer magazine. M. 40-45. 

Engineer. See under Pennsylvania state college. 

Engineering. London, England. Ft. W. 89+: N. D. 84+: P. 11+: R. P. 


3-42, 47+. 
Engineering and contracting. Chicago, Ill. G. 29*, 30*, 32*, 33*, 35+: P. 
27*, 28-4. 


Engineering and mining journal. New York. N. D. 90+: I. U. 53+: P. 
19-28, 34*, 41, 48*-54, 55, 58*-64*, 67+: R. P. 20-36, 49+. 
Engineering association of the South. Nashville, Tenn. 
Transactions. P. 10+. 
Engineering digest. New York. Ft. W. 1, 3-5||: P. 1-5||. 


Sontinued as Industrial engineering and engineering digest gq. v. Vols. 1 and 2 have title 
Cont d as Industrial 1 eering digest q Vols. 1 and 2 |} titl 


Technical literature. 

Engineering index. New York. N. D. 27+: P. 1-4. 

Engineering index annual. New York. P. ’06+. 

Engineering magazine. New York. F. 27-32: Ft. W. U1, 12, 33+: G. 36+: 
I. U. 1+: L. P. 25+: M. 7+: N. D. 4, 15-17, 19, 21, 23, 24, 27, 33-43: 
IN], JES CBSO IRS IS Ae CES Ite es Sasa Uae etsis Nigel Sai he lel ate 

Engineering mechanics. Philadelphia, Pa. N. D. 794, ’96, ’97: P. 5*, 6, 8-9, 
NAST AEG ay Paro Iee 12, eile 
Volumes 5-13 have the title Mechanics. 

Engineering news. Chicago, Ill.; New York. Ft. W. 62, 64+:G. 51+: N. D. 
35+: P. 7-10, 15+: R. P. 18+: 8S. L. 53-55, 57-60, 67+: T. H. 65+. 
Volumes 10-18 have title Engineering news and American contract journal. Volumes 19-48 


have title Engineering news and American railway journal. 


bo 
~ 
bo 


Engineering record, building record and sanitary engineer. New York. E. 
51-60: Ft. W. 55+: G. 544+-: N. D. 41+: P. 17+: R. P. 12+. 
Continues Sanitary engineer g. v. 
Engineering review. London, England. N. D. 21*. 
Engineering world. Chicago, Ill. P. 1*-5*|!. 
Merged with Engineering and contracting q. v. 
Engineers’ society of western Pennsylvania. Pittsburgh. 
Proceedings. I. U. 22+. 
England, national sheep-breeders’ association. London. 
Annual report. Exp. ’04-’06. 
English mechanic and world of science. London, England. R. P. 45-77. 
Enseignement mathematique. Paris, France. I. U. 114+: P. 5+. 
Entomologica Americana. Brooklyn, N. Y. 8. L. 1-6:8. N.1. 
Entomological news. Philadelphia, Pa. D. 14+: W. 9+. 
Entomological society of America. Ithaca, N. Y. 
Annals. P. 1-++: 8. L. 1--: W. 1+. 
Entomological society of Ontario. Guelph; London, Ont. 
Reports. S. N. ’78, ’81-’89, ’91-’99, ’00-’09. 
Entomologiska f6reningen. Stockholm, Sweden. 
Entomologisk Tidskrift. Ac. 13'~‘, 18-25, 261-4, 28+. 
Entomologist. London, England. Exp. 25-28, 29*, 30, 31*, 32-37, 38*, 39--. 
Entomologist’s monthly magazine. London, England. Exp. II. 2. 
Ephemeris of materia medica, pharmacy, therapeutics and collateral infor- 
mation. Brooklyn, N. Y. P. 1-3. 
Ergebnisse der Anatomie und Entwickelungsgeschichte. Wiesbaden, Ger- 
many. I. U. 1+. 
Ergebnisse der Physiologie. Wiesbaden, Germany. I. U. 1+: P. 1-5; 8. N. 
Uae 
Ernahrung der Pflanze. Berlin, Germany. Exp. 8*, 9+. 
Erythea. Berkeley, Cal. N. D. 1, 2. 
Espanay americana. Madrid, Spain. N. D. 7*, 8+. 
Essex institute. Salem, Mass. 
Bulletin. Ac. 19-3, 20412, 21-23, 241-3. 7-12, 95, 264-12, 271-6, 28, 29, 307-12, 
Report. Ac. 99, 700. 
Experiment station record. See under United States. Experiment station, 
Office of. 
Experimental studies in psychology and pedagogy. Boston, Mass. 8S. N. 
2-4, 
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Fancy fruits. North Yakima, Wash. Exp. 1*, 2*. 
Farm and orchard. Keyser, W. Va. Exp. 1+. 
Farm and stock. St. Joseph, Mo. Exp. 7, 8, 9*, 10*, 11%. 
Farm home. Springfield, Ill. Exp. 35*, 36+. 
Farm journal. Philadelphia, Pa. Exp. 33+. 
Farm life. Chicago, Ill. Exp. 12*, 13+. 
Farm poultry. Boston, Mass. P. 4-19. 
Farm press. See Better farming. 
Farm progress. St. Louis, Mo. Exp. 8, 9*, 10+. 
Farm sense. Des Moines, Ia. Exp. 1*, 2+. 
Farm stock and home. Minneapolis, Minn. Exp. 25+. 
Farm world. Augusta, Me.; Chicago, Ill. Exp. 3, 4*, 5*, 6+. 
Farmer and breeder. Sioux City, Ia. Exp. 34+. 
Farmer’s advocate and home magazine. London, Ont. Exp. 44*, 45*, 46%, 
A47*, 48+. 
Farmer’s cabinet. Philadelphia, Pa. 8S. L. 1-37. 
Farmer’s digest. Columbia, Pa. Exp. 2*, 3, 4*, 5. 
Farmers’ guide. Huntington, Ind. Exp. 14*, 15*, 16*, 17*, 18*, 19*, 20, 21*, 
22*, 28+: P. 18+. 
Farmer’s national congress of the United States. 
Proceedings. P. 18, 20, 22+:5S. L. ’04-’10. 
Farmers’ review. Chicago, Ill. Exp. 39, 40*, 41*, 42+. 
Farmers’ tribune. Sioux City, Ia. Exp. 32*, 33. 
Farming. New York. Exp. 1*, 2, 3*||: P. 1-3]. 
Merged with Garden magazine gq. v. 
Feather. Washington, D. C. Exp. 14+. 
Federation of Jewish farmers of America. New York. 
Report. Exp. 709. 
Field and farm. Denver, Colo. Exp. 24*, 25*, 26*, 27+. 
Field and forest. Washington, D.C. Ac. 2? 8, 3!) 8, 
Field museum of natural history. Chicago, Ill. 
Annual exchange catalogue. Ac. 796-798. 
Annual report. Ac. 1, 27, 3, 44-7: W. 1+. 
Publications; anthropological series. Ac. 2!) *®, 3! 4, 4-61, 71: N. D. 
1+: P. 1+: W. 1+. 
Botanical series. Ac. 1'-3: 5, 21) 3-7, 32: N. D. 1+: P. 1+: W. 1+. 
Geolopical series: “Ac, 125-7 22-4, S10). S178) 4-- ON. DD. 1--; Boe: 
W. 1+. 
18—1019 
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Ornithological series. Ac. 1)» 2» ®&: P. 1+. 
Report series. N. D. 1+: P. 1+: W. 1+. 
Zoological series. Ac. 12-8. 1-17, 22, 312-16 Al, 2 5-71-13, 8-103, 5-8, 11; 
Neal Pale. 
Fire and water engineering. New York. N. D. 29%, 30-33, 35-38, 39*, 40%. 
Fireproof magazine. New York. P. 1*, 2*, 3*, 4*, 7*, 8-11]. 
Flora. Dresden, Germany. N. D. 71, 712. 
Flora oder allgemeine botanische Zeitung. Regensburg; Marburg, Germany. 
D. 74-80: I. U. 86+. 
Flora of California. Exp. 1+. 
Flora of Wyoming. 
Report. Exp. 96. 
Florida. Agricultural experiment station. Gainesville, Lake City. 
Annual report. Exp. ’88+: P. ’88-’91, 793, ’95, 796, ’98, °00-’03, ’?05-+. 
Bulletin. D. 17, 33, 70-74, 77, 78, 80: Exp. 1+: P. 1+: 58. L. 1-6, 9, 10, 
12-19, 21-26, 29, 31, 33. 
Farmers’ institute bulletin. D. 2. 
Florida. Agriculture, State board of. ‘Tallahassee. 
Biennial report. Exp. 791-96, ’99-’02, ’05-’08: P. 795, ’96, 711, 712. 
Quarterly bulletin. Exp. 11*, 12*, 13*, 14*, 15, 16, 17*, 18, 19*, 20823-1-- 
P21 22%) 23-5: 
Florida (state) horticultural society. Jacksonville. 
Annual report. Exp. 5, 7. 
Flour and feed. Milwaukee, Wis. Exp. 2, 3*, 4*, 5*, 6-9, 10*, 11*, 12+. 
Flour trade news, hay, grain and feed. New York. Exp. 4*, 5, 6*, 7-10. 
Flying and aero club of America. 
Bulletin. G. 1+. 
Folia haematologica. Berlin, Germany. 1. U. 3+. 
Folia neuro-biologica. Leipzig, Germany. I. U. 1+. 
Folia serologica. Leipzig, Germany. I. U. 1+. 
Forest, fish and game. See Georgia forest association. 
Forest and stream. New York. N. H. 1-17. 
Forester. Washington, D. C. P. 4-7). 
Continued as Forestry and irrigation q. v. 
Forestry and irrigation. Washington, D. C. Exp. 8%, 9, 10*, 11, 12, 13%, 
14*||: P. 8-13. 
Continued as Conservation g. v. 


Forest quarterly. Ithaca, N. Y. P. 9+: W. 3+. 
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Forschungen auf dem Gebiete der Agrikulturphysik. Heidelberg, Germany. 
Exp. 13. 
Fortschrift der Physik. Berlin, Germany. P. 4+. 
Fort Wayne (Ind.) medical journal. P. 2, 22, 27, 28%. 
Foundry. Cleveland, O. Ft. W. 41+: G. 34+: P. 26+. 
France. Agriculture et du commerce, Ministére de |’. 
Bulletin. 8. L. 40-745. 
France. Agriculture, Ministére del’. Paris. 
Pailcim. bixp. (88*,'89,.790;5 91 92". "93" 945) 795*, 796; 97%, "98" 
99= 700: 
Franklin institute of Pennsylvania. Philadelphia. 
Journal. N. H. 18*, 27-32: P. 1+: R. P. 5-47, 49-51, 86-97, 115-++: S. L. 
1-82, 119-128, 130+. 
Fruit belt. Grand Rapids, Mich. Exp. 7*. 
Fruit grower. St. Joseph, Mo. Exp. 15*, 16*, 17-19, 20*, 21--. 
Fruitman and gardener. Mt. Vernon, Ia. Exp. 10*, 11*, 12*, 13+. 
Fihlings landwirtschaftliche Zeitung. Stuttgart, Germany. Exp. 60+. 
Furrow. Moline, Ill. Exp. 14*, 16+. 
Garden and forest. New York. P. 1-10). 
Garden magazine. Garden City, N. Y.; New York. Exp. 1*, 2, 5*, 6*, 7*, 
8-12, 13*, 14*, 15-++: P. 1+. 
Gardeners’ chronicle. London, England. Exp. ’41-’73; n. s. 1-26; III. 1+. 


First series has no volume numbers. 
Gardener’s monthly. Philadelphia, Pa. Exp. 17-20, 22, 23. 
Garten flora; Zeitschrift fiir Garten— und Blumenkunde. Berlin, Germany. 
Exp. 37. 
Gas engine. Cincinnati, O. P.1+: R. P. 4*+. 
Gas power. St. Joseph, Mich. G. 8+: P. 1-6. 
General electric review. Schenectady, N. Y. G. 15+: P. 10+: R. P. 14+. 
Génie civil. Paris, France. P. 46+. 
Geographical teacher. London, England. 8. N. 1+. 
Geographical journal. See Royal geographical society. 
Geographical society of America. See American geographical society. 
Geographical society of Philadelphia, Pa. 
Bulletin. S. N. 2+. 
Geographische Zeitschrift. Leipzig, Germany. I. U. 5+. 
Geological magazine. London, England. I. U. n. s. dec. 3, 4; dec. 4, 1-3, 
5-11; dec. 5, 1+. 
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Geological society of America. Rochester, N. Y.; New York. 
Bulletin. E. 13+: I. U. 1+: N. H. 20: 8S. N. 1+. 
Geological society of London (England). I. U. 29, 30, 37, 39, 60+. 
Geologisches Centralblatt. Leipzig, Germany. I. U. 1+. 
Georgia. Agricultural experiment station. Experiment. 
Annual report. Exp. 1-+-: P. 1+. 
Bulletin. D. 68-72: Exp. 1+: P.1+: 8. L. 45, 50, 61, 63-65, 67, 69, 70-73. 
Georgia. Agriculture, State board of. Atlanta. 
Annual report of the commissioner. Exp. 776, ’81, 782, ’84: P. ’83, 784. 
Publications. Exp. 6-9, 12-14: P. 9, 11, 12, 18, 22, 24. 
Quarterly bulletin. Exp. 42-46: P. 42-44, 52, 53. 
Georgia dairy and live stock association. 
Annual report. Exp. ’02, ’03, ’05, ’08, ’09. 
Georgia. Entomology, State board of. Atlanta. 
Bulletin. D. 1: Exp. 1, 3, 5-19, 31-33, 38--: P. 1, 18, 17, 20; 2Rgzaees 
26, 27, 29-36. S. L. 12-32*. 
Georgia forest association. 
Forest, fish and game. P. 2, 3. 
Formerly Southern woodlands. 
Georgia geological survey. 
Bulletins To U.0=19; 23, 26--; Pe 24, 252) he Pao 
Report. P. 93. 
Georgia (state) horticultural society. Cairo. 
Proceedings. Exp. 798, ’02, ’08-710. 
Georgia (state) veterinarian. 
Annual report. P. 1. 
Giornale di matematiche di Battaglini. Naples, Italy. I. U. 47. 
Glasgow (Scotland) mechanics’ magazine and annals of philosophy. N. H. 
1-4. 
Glasgow (Scotland) naturalist. Ac. 1+: N. D. III. 1+. 
Glasgow (Scotland) philosophical society. 
Proceedings. R. P. 19, 20. 
Gleanings in bee culture. Medina, O. Exp. 39*, 40*; P. 36+. 
Goldthwaite’s geographical magazine. New York. 8. N. 1-6. 
Good health. London, England. I. U. 30-46. 
Good housekeeping. Springfield, Mass. P. 27, 34, 35, 38-42, 44-48, 52, 53, 
55--. 
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Good roads magazine. New York. Exp. o. s. 2*, 3*, 4; n.s.4*: P.n.s. 8+. 
Called Good road; 1892-1895, then merged in League of American whee!men bulletin con- 
stituting the old series. In 1902 began a new series under the name Good roads maga- 
zne which became simply Good roads again in 1909. 
Gordon memorial college. Khartoum, Africa. See Wellcome research labora- 
tories. 
Grain dealers’ journal. Chicago, Ill. Exp. 16*, 17*, 18*, 19*. 
Graphic arts. Boston, Mass. Ft. W. 3+. 
Great American architectural record. M. 1-6. 
Great Britain. Agriculture and fisheries, Board of. Intelligence division 
Annual report. S. L. ’08+. 
Great Britain. Government laboratory. 
Report of principal chemist. 8. L. ’09, 711, ’12. 
Great Britain. Meteorological office. 
Report. S. L. 709-712. 
Greenough’s American polytechnic journal is volume 4 of American polytech- 
nic journal q. v. 
Green’s fruit grower and home companion. Rochester, N. Y. Exp. 25*, 27%, 
28, 29*, 30+. 
Greenwich (England). Royal observatory. 
Report. S. L. 709-712. 
Grevillea. London, England. Exp. 1-14. 
Guam agricultural experiment station. Island of Guam. 
Annual report. Exp. 710+. 
Guide to nature. B. 1+: F. 3+: G. 4*,5+:N. D. 1, 2, 3*, 4*, 6. 
Gulf biological station. Cameron, La. 
Bulletin. P. 3, 4, 6, 7, 9-11, 138+. 
Half-yearly abstract of medical sciences. Philadelphia, Pa. D. 56-58: N. 
D. 48-55: N. H. 1-7, 9, 10-17, 54-58. 
Hamburg (Germany) mathematische Gesellschaft. 
Mittheilungen. I. U. 5+. 
Hamilton (Ontario) scientific association. 
Journal and proceedings. Ac. 1', 14-19, 21+. 
Hampton (Va.) normal and industrial institute. 
Hampton leaflets. N. D.n. s. 1*-4*, 5-7. 
Report. Exp. ’91. 
Handbuch der Biochemie des Menschen und der Thiere. Jena, Germany. 
Exp. 1-4. 
Handbuch der organischer Chemie. Hamburg, Germany. Exp. 3*. 
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Hardwicke’s science gossip. London, England. I. U. 14, 15: N. H. 16. 
Harvard engineering journal. Cambridge, Mass. P. 2-3, 4*, 5+. 
Harvard university. Astronomical observatory. Cambridge, Mass. 
Annals. I. U. 6-34. 
@ircularsss W Ussley2: 
Harvard university. Arnold arboretum. Ac. 21, 23-25, 27+. 
Harvard university. Jefferson physical laboratory. 
Contributions. E.1-+: 1. U. 1-5, 7: P. 1-4, 6+: R. P. 1+: W. 3+. 
Harvard university. Museum of comparative zoology. 
Memoirs. S. N. 28*. 
Harvard university. Peabody museum of American archaeology and eth- 
nology. 
Annual report. Ac. 789, ’90. 
Memoirs. Ac. 15: I. U. 1-2, 4+. 
Papers: Ac. 1**: I. U, 1-2, 4-5. 
Harvester world. Chicago, Ill. Exp. 2*, 3*, 4+. 
Harvey society. New York. 
Lectures. P. 705+. 
Hausfreund und deutscher amerikanischer Farmer. Lincoln, Neb. Exp. 
14*, 16+. 
Havana (Cuba). See Academia de ciencias medicas fisicas y naturales. 
Havana (Cuba) university. 
Revista de la facultad de letras y ciencias. P.3+:S.N.3+. 
Hawaii. Agricultural experiment station. Honolulu. 
Annual report. Exp. 01+: L. P. 706+: N. D. ’08+: P. 01+: R. P. 706, 
707: S. L. 706, 707, ’09-711. 
Bulletin. Exp. 1+: L. P. 1, 8, 11-18, 15-18, 21-24, 26+: N. D. 16+; bot. 
ser. 1+: P. 1+: R. P. 1-17:S8. L. 1-17, 21, 23-26, 28: S. N. ’02-+-. 
Hawaii. Commissioners of agriculture and forestry. 
Report. P. 3+. 
Hawaiian forester and agriculturist. Honolulu. Exp. 5. 
Hawaii experiment station of the sugar planters’ association. Honolulu. 
Annual report. Exp. 799-05: N. D. 708+. 
Hawaii sugar planters’ station. Honolulu. 
Annual report. Exp. 705+. 
Bulletin, agriculture and chemistry series. Exp. 1-11, 13+. 
Agriculture and forestry series. Exp. 1+. 
Entomological series. Exp. 1*, 6-12. 
Pathology and physiology series. Exp. 1+. 


Health. New York. S. N. 54+. 
Heating and ventilating magazine. New York. P. 5+. 
Hedwigia, cin Notizblatt fiir kryptogamische Studien. Dresden, Germany, 
Exp. 1-23. 
Continued as. 
Hedwigia. Organ fiir Kryptogamenkunde. Dresden, Germany. Exp. 24-44, 
51+. 
Hirnanatomische Institute in Ziirick (Switzerland). I. U. 1+. 
Annales. J. U. 1+. 
Arberten. I. UL i=-- 
Historical and scientific society of Manitoba. Winnipeg. 
Reports. Ac. 797-06. 
Transactions. Ac. 51-72. 
Hoard’s dairyman. Ft. Atkinson, Wis. Exp. 29*, 30*, 33*, 34*, 35*, 36, 
DiOon, a9-41, 427, 43-1. 
Holstein-friesian association of America. 
Annual report. Exp. 785-’87, 789, 90. 
Holstein-friesian world. Ithaca, N. Y. 
Annual report. Exp. 1-4, 5*. 
Home and farm. Louisville, Ky. Exp. 35*, 36*, 37*, 38+. 
Horse review. Chicago, Ill. Exp. 43+. 
Horticultural society of London. 
Transactions. N. D. 1-4. 
Horticulturist and journal of rural art and rural taste. Rochester, N. Y.; 
Philadelphia, Pa.; New York. Exp. 15, 16: N. H. 8-10, 12-15, 19-23. 
Hospodarske listy. Chicago, Ill. Exp. 13*, 14+. 
House and garden. Philadelphia, Pa. G. 17+. 
House beautiful. Chicago, Ill. G. 26+: P. 11+. 
Housekeeping experiment station. Darien, Conn. 
Bulletin. PR. 1, 3, 5-11. 
Hygienisches Centralblatt. Leipzig, Germany. I. U. 1+. 
Ice and refrigeration. Chicago, Ill. P. 40+. 
Idaho. Agricultural experiment station. Moscow. 
Annual report. D. ’04: Exp. ’94, 795, ’98-++: P. ’94, 701+. 
Bulletin. D. 46, 47: Exp. 1+: P. 1-4, 6, 7, 9+. 
Idaho (state) engineer. Boise. 
Biennial report. Exp. ’99, 700. 
Idaho (state) farmers’ institutes. Moscow. 
Biennial report. Exp. 701, 702. 


280 


Idaho. Mines, State inspector of. Boise. 
Annual report. N. D. 8+. 
Ideal power. Chicago, Ill. P. 2, 3, 4%, 5. 
Illinois. Agricultural experiment station. Urbana. 
Annual report. Exp. 1+. 
Bulletin. D. 98, 100, 101, 119, 120, 123-147, 149-162: Exp. 1+: P. 1+: 
S. L. 88+*. 
Soil report. BD. 1--: Exp. 1--2P. t-: 
Illinois (state) agricultural society. 
Transactions. D. 6,7: 8S. L. 753, ’54, 759, ’60, ’65-’83. 
Illinois. Agriculture, Department of. Springfield. 
Transactions. D. o. s. 10, 12-19: Exp. 4, 6-20, 22, 23: P. 4, 6-14, 24, 25, 
27, 30, 37--. 
Illinois (state) bee keeper’s association. 
Report. Exp. 1+. 
Illinois (state) dairymen’s association. 
Annual report. Exp. 14-16. 


Illinois, Economical geology of. Springfield. D. 1-3. 
Reprints from the reports of the Illinois (state) geological survey (q.v.) with additions and 


emendations. 
Illinois (state) entomologist. Urbana. 
Report on noxious and beneficial insects. 8S. N. ’05, 708, 709. 
Report. Exp. 23-27. 
Illinois farmer and farmer’s call. Quincy. Exp. 55*, 56, 57*, 58*, 59, 60*, 
6l--. 
Illinois. Farmers’ institute. Springfield. 
Annual report. Exp. 3, 11, 13: P. 1+. 
Bulletin. P. 5, 9, 15+. 
Yearbook. Department of household science. P. ’09-711. 
Illinois (state) food commission. Springfield. 
Annual report. Exp. 1, 9: P. ’00, ’01. 
Illinois (state) geological survey. Urbana. 
Bulletin. I. U. 1-++: P. 3+-. 
Report. E. 1-8. 


See also Illinois, Economical geology of. 
Illinois. Health, State board of. 
Annual report. P. ’80-’94. 
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Illinois. Highway commission. 
Annual report. P. 1. 
Bulletin. P. 2. 

Illincis (state) horticultural society. Kinm undy. 
Transactions. D.n. s. 2-28, 30, 31: Exp. n. s. 3-21, 24, 25, 29-32, 34, 45+: 

P.n. s. 10, 12-38, 40+. 

Illinois. Horticultural society, Northern. Chicago. 
Transactions. D. 1. 

Illinois. Live stock commissioners, Board of. 
Annual report. Exp. ’90, ’92-’97, ’09: P. 25, 26. 
Bulletin. Exp. 1-3: P. 1. 

Illinois live stock breeders’ association. 
Report. Exp. 798. 

Illinois (state) mining board. 
Annual coal report. N. D. 31+. 

Illineis. Natural history, State laboratory of. Urbana. 
Bulletin. Ac. W256 20. 4, 407, 8 53-12 G1 71-10, 1-5 91-5: ]). 1,3, 6s xp. 

2eraccele UL. G-82 IN. D> 7-4-7 P 2a, 125. Ne U-7. 

Illinois. Natural history, State muscum of. Springfield. 
Bulletin. I. U. 3-12||:S. N. 3-12||. 

Illinois. Railroad and warehouse commission. 
Report. N. D. 42+. 

Illinois society of engineers and surveyors. 
Annual report. P. 1-7, 9+: R. P. 11-17. 

Illinois (state) survey. 
Bulletin. N. D. 13, 16. 

Illinois university. Biological experiment station. Urbana. 
Biennial report. Exp. ’95, ’96. 

Illinois university. Ceramics, School of. 
Bulletin. P. 1-2, 6-+-. 

Illinois university. Engineering experiment station. 
Bulletin. G. 6+: P. 1+: R. P. 14. 

Illinois university. Household science, Department of. 
Publications. P.1+. 

Illinois university. Urbana. 
Studies. P. 1+*, 

Illinois university. Urbana. 
Technograph. P. 6-8, 10+. 
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Illinois (state) water survey. Urbana. 
Bulletin. J. U. 3-4, 6, 8: P. 1+. 
Nos. 1 and 2 issued by Illinois university. 
Illuminating engineer. New York. P. 1+. 
Illuminatirg engineering society. Easton, Pa. 
Transactions. P. 1*, 2*, 3*, 4+. 
Illustrierte flora. Vienna, Austria. N. D. 37+. 
Imperatorskaya akademiya nauk. St. Petersburg. See Académie impériale 
des sciences. 
Imperial journal of art, science, etc. Manchester, England. F. 1-4. 
Index medicus. New York; Washington, D. C. I. U. 34-: M. 2-6. 
Ind a. Agricultural experiment station. Aligarh. 
Report. Exp. ’02-’12. 
India. Agricultural experiment station. Atarra. 
Report. Exp. 712. 
Inda. Agricultural experiment station. Partabgarh. 
Report. Exp. 710-712. 
India. Agricultural experiment station. Caunpore. 
Report. Exp. 710-12. 
India. Agricultural experiment station. Orai. 
Report. Exp. 710, 711. 
India. Agricultural research institute. Pusa. 
Bulletin. Exp. 18, 28-31: P. 4, 13, 15, 16, 19, 20, 23, 25-26. 
Report. P. 709-11. 
India. Agriculture, Department of. 
Annual report. P. 704-10. 
Memoirs. Bacteriological series. Exp. 1. 
Botanical series. Exp. 2*, 3*, 4%, 5+: P. 1, 2. 
Chemical series. Exp. 1*, 2*+: P. 1*, 2*, 3*. 
Entomological series. Exp. 2*, 3+: P. 1, 2%. 
India. Inspector-general of forests. 
Review of forest administration. P. 707-710. 
Indian school journal. Chiloeco, Okla. Exp. 10, 12*, 13+. 
Indian engineering. Calcutta, India. N. D. 1-14, 16-30, 31*. 
Indiana academy of science. Indianapolis. 
Proceedings. D. ’91-’93, ’95-’01, ’03+: Exp. ’91-’11: F. ’98-’04, 08+: 
G. 704, 705, ’08+-: I. U. 7+: L. P. 98+: N. D. 710+: N. H. 15+: P. 
7+: R. P. ’91+:S. N. 7-9, 14+: T. H. 797, 798, 700-703, 705-++: W. 7+. 
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Indiana. Agricultural experiment station. Lafayette. 
Annual report. D. 3, 4, 9, 11-20: Exp. 1+: P. 1+. 
Bulletin. D. 13-15, 18, 20, 21, 41, 46, 56, 66, 68, 69, 72-74, 77, 78, 80-95, 
97-109, 111-122, 126, 143-145: Exp. 1+: N. D. 59, 60, 159, 160, 162+: 
P. 1+. 
Indiana (state) agricultural society. 
Transactions. N. D. 7, 8, 10. 
Indiana. Agriculture, Department of. 
Annual report*. D. 1-14, 18, 21-23, 25-29, 31, 35, 37-48: Exp. 1-45, 47, 
ASENE Dh 405-40 Ags led 05 9 ello, i= Rieke An Syd So 14s 224 
37-40, 42-48: S. N. 10, 13, 15-19, 21-26, 28+. 
*The numbers given are volume numbers and not report numbers. 
Indiana (state) breeders’ live stock association. 
Report. Exp. 4-8: P. 4+. 
Indiana. Charities, Board of state. Indianapolis. 
Annual report. D. 1-8, 10, 12+: Exp. 18-22. 
Bulletin. D. 32-34, 36-45, 47-59, 61+: Exp. 72-74, 76, 77, 79, 82. 
Indiana corn growers’ association. Lafayette. 
Annual report. Exp. 708+. 
Indiana (state) dairy association. 
Annual report. D. 20+: Exp. 1-18, 15-+-: N. D. 22: P. 7-12, 14+. 
Indiana engineering society. Indianapolis. 
Proceedings. I. U. 8-10, 12: P. 7+: R. P. 793-796, ’08, ’09. 
Indiana (state) entomologist. 
Annual report. D. 1--: Exp. 1-++-: N. D. 1+: N. H. 1-+: P. 1+: 8. N. 2+. 
Report. Exp. 703, ’04: P. ’00, 702, ’03. 
indiaravnarmers sindianapolise. dixp: 18"; 19% 20* 5) 20) 2275) 2375 245257, 
2675 At, 2851297,00", ol, a2, 30,04, 55°, 567, Dl, 08,097, 00; OL, 
62%, 63*, 64*, 65*, 66--: P. 59--. 
Indiana farmer and gardener. Indianapolis. Exp. 1. 
Indiana. Farmers’ institutes. Lafayette. 
Report. Exp. 793, ’94, ’96, 798, ’00-’10: P. 793, 796, ’98, ’00, ’02, 04-710: 
S. N. 782+. 
Indiana. Fisheries and game, Commissioner of. Indianapolis. 
Biennial report. D. ’89+: Exp. ’97, 798, ’01-’08: N. D. 708: N. H. 792, 
799, 700, 709-"10: R. P. *99-’04: S. N. ’00-+. 
Indiana forestry association. 
Report. Exp. 3, 5, 7. 
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Indiana. Forestry, State Board of. 
Annual report. D. 3, 5+: E. 3, 5-9, 11: F. 3, 6+: G. 1-3, 5+: I. U. 3+: 
L. P. 2--: N: D: 6,,8,.11: N. WH. 1-F: Po 3--: R. P38; 52S. Nose 
T. H. 4+. 
Indiana. Geological survey. 
Report. D. 2-4, 7-10||: Exp. 1-10||: N. D. 7-10||: N. H. 1-10||: P. 1-7, 8-10]: 
R. P. 1-10]|: 
Report of geological reconnoissance. D.’62:N.H.’39,’62: P. ’62. 
Indiana. Geology and natural history, Department of. 
Bulletin. N.-H. 1. 
Report. D. 11-16||: Exp. 11-16||: N. D. 11-16||: N. H. 11-16||: P. 11, 12, 
14-16||: R. P. 11-16}. 
Continued as 
Indiana. Geology and natural resources, Department of. 
Annual report. D. 17+: Exp. 17+: E. 1-33, 36+: N. D. 1, 2, 11, 18-18, 
21-23, 25-27, 29+: N. H. 17+: P. 17+: R. P. 17+. 
Indiana geographical congress. 
Reports. S. N. 3, 6. 
Indiana. Health, State Board of. 
Annual report. D. 17-20, 22+: Exp. ’83-’85, 18, 20, 23, 25-29: I. U. 5+: 
N. D. 5+: N. H. 10-12, 17+: P. 1, 2, 4-18, 15-20, 22+: R. P. 17-20, 
22, 23: S. N. 17-20, 22+. 
Monthly bulletin. Exp. 1, 2*, 3*, 4+: N. D. 7*-15*, 29+: P.14+:5. N. 
Nore 
Quarterly bulletin. Exp. 2*, 3. 
Indiana (state) horticultural society. 
Bulletin. P. 1+. 
Transactions. D. 5, 9, 11, 14-16, 18-24, 26, 27, 29-38, 40+: E. 5, 6, 8, 9: 
Exp. 5-26, 28-45, 47, 49, 50: F. 10, 11, 16, 19-23, 25-27, 29-32, 40+: 
G. 47, 49+-: I. U. 10, 11, 13, 19, 21-23, 29, 40-+-: L. P. 7, 9, 10, 40-F: 
N. D. 46, 51: N. H. 5, 9, 11, 13, 40-49: P. 6, 9, 11, 15, 16, 20, 22-+-: R. 
P. ’00-’05: S. N. 30, 40-49: T’. H. 19-21, 50+: W. 6+. 
Indiana medical association. 
Journal. Exp. 3*, 4*: I. U. 1+: L. P. 76-82, ’98-’07: P. 1+: T. H. 3, 8, 
10-15, 17, 18+. 
Transactions. E. ’78, ’80, ’81, ’85, ’86: Exp. 24-27, 31, 33-36, 38-41, 48, 
51-53, 55-58: M. 1-2, 4+: N. H. 28-36, 38-50. 
Indiana medical journal. Indianapolis. D. 11-13: I. U. 17-27: M. 1+: P. 
11-13, 23-25*, 27: W. 12-27. 


Indiana. Medical registration and examination, State Board of. 
Annual report. Exp. 2, 7, 9-14: F. 2-14: N. D. 14: N. H.14+:8. N. 14. 
Indiana medical society. 
Transactions. P. 29, 30, 42, 44-46. 
Indiana pharmaceutical association. Indianapolis. 
Proceedings. N. D. 27: P. 796, 799. 
Indiana. Pharmacy, Board of. 
Noma weer, I; WY, hls Ii, dele le 5 le Ss INT. “ef, “URE 
Indiana. Railroad commission. 
Annual report. P. 1+. 
Indiana state grange. Patrons of husbandry. 
Proceedings. P. 28-30. 
Indiana. Statistics and geology, Bureau of. 
Annual report. D. 1, 2||: Exp. 1, 2||: N. H. 1, 2]]. 


Continued by Geology and natural history, Department of g. v.; and by Statistics, Bureau 


of. q.v. 

Indiana. Statistics, Bureau of. Indianapolis. 

Annual report. D. 3, 4: Exp. 3-6||. 

Continued from Indiana, Statistics and geology, Bureau of, g. v.; Continued as 

Biennial report. D. 2-5, 7+: Exp. 1+. 
Indiana Tippecanoe farmer. Lafayette. Exp. 1. 
Indiana university. Bloomington. 

Studies. IT. U.1-+: L. P. 8*, 10*: N. D. 10*-+-: P. 1+. 
Indiana university. Zoological laboratory. 

Contributions. D. 1-58, 60-75, 77-97, 99-114: N. D. 60-114. 
Indiana (state) veterinarian. Indianapolis. 

Annual report. Exp. ’02, ’06, ’08, ’09: P. ’02, ’06, ’08, ’09. 


Indiana wool growers’ association. 


Annual report. Exp. ’01. 
Indianapolis (Ind.) medical journal. I. U. 7+: M. 12, 14+: P. 12+: W. 12+. 
Industrial arts index. Minneapolis, Minn.; White Plains, N. Y. G. 1+. 
Industrial engineering and engineering digest. New York. E. 3, 4: Ft. W. 
6—-: G. 5--: P. 6--: R. P. 3+. 


Continues Engineering digest gq. v: 


Industrial magazine. Cleveland, 0. P. 1+. 


Vols. 1-4 have title Draftsman; and vol. 5 has title Browning's i dustrial magazine. 
Industries. Manchester, England. R. P. 1-15. 
Inland architect and news record. Chicago, Ill. N. D. 44*, 45*, 48*, 49, 
50*: R. P. 30-52. 


Continued as American architect q. v. 
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Inland printer. Chicago, Ill. Ft. W. 49+. 
Insect life. Washington, D. C. See under United States. Entomology, 
Bureau of. 
Institut catholique. Paris, France. 
Ensignment superiur libre. N. D. ’81. 
Institut de France. See Académie des sciences. 
Institut international de bibliographie. Brussels. 
Bibliographia physiologica. Ac. 1°, 2) 2. 
Institut Pasteur. Paris, France. 
Annales. I. U. 20+: 5S. L. 24+. 
Bulletin. I. U. 3+. 
Institution of civil engineers. London, England. 
Proceedings. P. 1+: R. P. 87+. 
Institution of electrical engineers. London, England. 
Journal. P. 18-+-. 


Continues; from Journal 17, of the Sosiety of Te’ezriph engine 'rs q. v. 
Institution of mechanical engineers. Birmingham; London, England. 
Proceedings. P. 1+. 
Intermédiaire des mathematiciens. Paris, France. I. U. 18+: P. 15+. 
International apple shippers’ association. 
Yearbook. Exp. ’08-’10. 
International association for testing materials. 
Report. P. 5. 
American section. See American society for testing materials. 
International catalogue of scientific literature. London, England. 
Resbssecs: Ay BC. Ds Bel, 
International commission on zoological nomenclature. 
Opinions. S. L. 1+. 
International congress of applied chemistry. New York. 
Report. Exp. 712. 
International geographic congress. 
Report.) PP. 8i5sq N; 6: 
International independent telephone association. 
Proceedings. P. 10, 11. 
International institute of agriculture, economic and social intelligence. Rome, 
Italy. 
Bulletin. Exp. ’11*, 712+: 
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International institute of agriculture, agricultural intelligence in plant diseases. 
Rome, Italy. 
Monthly bulletin. Exp. 2*, 3+. 
International journal of microscopy and nattiral science. London, England. 
152. 
International journal of surgery and antiseptics. New York. D. 1% 


Continued as 
International journal of surgery. New York. D. 2*, 3, 4*% 
International railway congress. Brussels, Belgium. 
Bulletin. P. 19+. 
International studio. New York. P. 12*, 13, 14*, 15+. 
Internationale Monatsschrift fiir Anatomie und Physiologie. Leipzig, Ger- 
many. I. U. 1+. 
Internationale Wochenschrift fiir Wissenschaft, Kunst, und Technik. Berlin, 
Germany. I. U. 1+. 
Internationaler Kongres katholischen Gelehrten zu Miinchen, Germany. 
Akten. N. D. ’01. 
Internationales Archiv fiir Schulhygiene. Leipzig, Germany. I. U. 1+. 
Interstate association of live stock sanitary boards. 
Proceedings. Exp. 4, 5. 
Ion. London, England. W. 1. 
Iowa academy of sciences. Des Moines. 
Proceedings.’ Ac. 11, 12, 14-18: I. U. 1, 2, 18+: N. D. 2, 5, 7, 9, 10, 12-15, 
Wf Os ke 05) =05 05) 95, 10: 
Iowa. Agricultural experiment station. Ames. 
Annual report. Exp. 1, 3: P. 1*, 2*, 3*, 4+. 
Bulletins. Exp. 1+: N. D. 107-112, 114-122, 124-127, 129-141, 143+: 
P. 14. 
Research bulletins. Exp. 1+: N. D. 1-8, 11+: P. 1+. 
Iowa (state) agricultural society. 
IVEpOLUeN oe lemcOlpecO2snc Od. Od a=2 045) =" 825) 94-59 .0- 95 nOOst OS snr oes 
Iowa. Agriculture, Department of. Des Moines. 
Yearbook. Exp. ’04-’11: P. ’05+. 
Iowa (state) college of agriculture and mechanic arts. Ames. 
Bulletin. Exp. 4, 8. 
Extension department bulletin. P. 1-5, 7-12, 14+. 
Iowa (state) dairy association. 
Report. Exp. ’91-’96. 
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Iowa (state) drainage association. 
Proceedings. Exp. 1-2, 4-7. 
Iowa (state). Drainage, waterways and conservation commission. 
IRjororit, lee, TSE. 
Iowa engineer. Ames. P. 1+. 
Iowa. Engineering experiment station. 
Bulletins) Eixpha7,)45> b- A--.- 
Iowa engineering society. 
Proceedings. P. 1. 
Iowa. Geological survey. 
Annual report. E. 6, 7, 9-20: I. U. ’55-’57, ’66-’69, ’92+-: N. H. 755-757, 
66-69. 
Bulletin. Exp. 1: P. 1. 
Report survey of ’55-’59. E. 1%. 
Iowa (state) geologist. Des Moines. 
Report. N. H. 1, 2. 
Iowa. Health, State board of. Des Moines. 
Biennial report. P. ’80-’97, 799-’03, ’08-'10. 
Iowa (state) highway commission. Ames. 
Report. -Exp. 2, 3. 
Iowa homestead. Des Moines. Exp. 54*, 55%. 
Iowa (state) horticultural society. Des Moines. 
Transactions. D. 16: Exp. 14-19, 25, 27-46: P. 44: S. L. ’72-’07*. 
Iowa naturalist. Iowa City. Ac. 1: N. D. 14+. 
Iowa park and forestry association. Des Moines. 
Proceedings. Exp. 703, 705. 
Iowa (state) university. Iowa City. Engineering society. 
Transit. P. 1-3, 5-13, 15. 
Iowa (state) university. Iowa City. Natural history, Laboratories of. 
Bulletin. N. D. 5+:N. H. 4, 5: P. 2-4. 
Iowa (state) university. Iowa City. Physical laboratory. 
Contributions. P. 1%. 
Iowa (state) university. Iowa City. Psychology, Department of. 
Studies We sO lane les 
Ireland. Agricultural technical instruction, Department of. Dublin. 
Bulletin. Exp. 1, 4. 
Leaflets. Exp. 1, 4-7, 9-11, 13-37. 
Iron age. New York. Ft. W. 69, 70, 72*, 73*, 75, 76, 78-85, 87-+-: G. 83-+: 
M. 61, 62, 71+: N. D. 52-56: P. 67*-71*, 81+. 
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Tron and steel institute. London, England. 
Carnegie scholarship memoirs. P. 1+. 
Journal. G. ’76+: P. 75+. 


Tren and steel magazine. Boston, Mass. P. 1-11]. 
Vols. 1-6 have title Metallographist. Combined in 1906 with Electro-chemical and metal- 


lurgical industry q.v. 


Iron trade review. Cleveland, O. G. 45+: P. 39-46. 

Irrigation age. Chicago, Ill. Exp. 24, 25, 26*, 27+. 

Jahresbericht tiber das Gebiet der Pflanzenkrankheiten. Berlin, Germany. 
Exp. 11. 

Jahrbuch der Chemie (Meyer). Brunswick. P. 1+: R. P. 3+. 

Jahrbuch tiber die Fortschritte der Mathematik. Berlin, Germany. I. U. 
EES eee 

Jahrbiicher fiir wissenschaftliche Botanik. Berlin; Leipzig, Germany. I. U. 
7-46, 48-++. 

Jahresbericht tiber die Fortschritte der Chemie und Mineralogie. Tiibingen, 
Germany. P. ’22-’74. 

Jahresbericht tiber die Fortschritte der reinen pharmaceutischen und tech- 
nischen Chemie, Physik, Mineralogie, und Geologie. Giessen, Ger- 
moi 9 le We Were 

Jahresbericht tiber die Fortschritte in der Lehre von den pathogen Mikro- 
organismen. Leipzig; Brunswick, Germany. I. U.1+. 

Jahresbericht tiber die Leitsungen und Fortschritte auf dem Gebiete der Neu- 
rologie und Psychiatrie. Berlin, Germany. I. U.1+. 

Jahresberichte der deutschen Mathematiker Vereinigung. Leipzig, Germany. 
I. U. 1-9, 11-14, 15-++. 

Jahresberichte iiber die Fortschritt der Anatomie und Physiologie. Leipzig, 
Germany. I. U. 1-8. 

Jamaica (W.I.). Agriculture, Department of. Kingston. 

Bulletin. Exp. 1-5, 6*. 
Report. Exp. ’00, ’02-’07. 
Jamaica (W.1I.). Botanical department. 
Bulletin. Exp. 2*, 3, 9*. 
Japan. Agricultural experiment station. Hokkaido. 
Bulletin. Exp. 1-11. 
Report. Exp. 2-4. 
Japan college of agriculture. Tokyo. 
Bolletinie xp. 5; 78°. 2.7. 


19—1019 
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Japan. See Seismolegical society of Japan. 
Jardin impériale botanique. St. Petersburg, Russia. 
Bulletin. N. D. 12+. 
Jersey bulletin and dairy world. Indianapolis, Ind. Exp. 25*, 26*, 27*, 28*. 
29*, 30*, 31+: P. 244. 
Jewish agricultural and industrial aid society. New York. 
Annual report. Exp. 9, 11: P. 709+. 
Johns Hopkins hospital. Baltimore, Md. 
Bulletin. Exp. 22+: I. U.1+: M. 18-20, 22: P. 17+. 
Report. I. U.1+. 
Johns Hopkins university. Baltimore, Md. 
Circulars. Ac. 4-21*: D. 1-11: I. U. 25+: P. 16+. 
Josselyn botanical society of Maine. Portland. 
Bulletin. N. D. 2. 
Journal de l’anatomie et de la physiologie normales et pathologiques. Paris, 
France. I. U. 40+. 
Journal de 1’école polytechnique. See Ecole polytechnique. 
Journal de mathématique. Paris, France. I. U. 1-20; II. 1-19; III. 1-10; 
IV. 1-10; V. 1-10; VI. 1+. 
Journal de micrographie. Paris, France. R. P. 1. 
Journal de physiologie et de pathologie générale. Paris, France. I. U. 1+. 
Journal de physique. Paris, France. I. U. III. 6-10; IV. 1-8; V. 1+: P. 
IV. 4+: W. IV. 2, 4, 5. 
Journal fiir die reine und angewandte Mathematik. Berlin, Germany. I. U. 
1-119, 121+. 
Journal fiir Landwirtschaft. G6ttingen; Berlin, Germany. Exp. 21-24, 28, 
31, 37+. 
Journal fiir praktische Chemie. Leipzig, Germany. N. D. 51*, 52*; W. 1-80. 
Journal fiir Psychologie und Neurologie. Leipzig, Germany. I. U.1+. 
Journal of abnormal psychology. Boston, Mass. I. U.3,5+. 
Journal of advanced therapeutics. Rahway, N. J. P. 23*, 24*. 
Journal of agricultural science. Cambridge, England. Exp. 3+: P. 2+. 
Journal of agriculture. London, England. S. L. 1-20. 
Journal of agriculture. St. Louis, Mo. Exp. 51*, 52*, 53*. 
Journal of analytical and applied chemistry. Easton, Pa. Exp. 2*, 3*: P. 
4-7||: R. P. 4-7||: W. 1-7||. 
Continued from Vol. 7 as American chemical society. Journal. gq. 7. 


Journal of anatomy and physiology. London, England. 1. U. 38+. 
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Journal of animal behavior. Cambridge, Mass. Bl+: D. 14+: I. U. 1+: 

P.5+: 8. N. 1+. 
Behavior monographs. B.1+: I. U.1+. 

Journal of applied microscopy. Rochester, N. Y. B. 2-6||: N. D. 1*, 2%, 
3-6||: S. N. 4-6]|. 

Journal of biological chemistry. New York. I. U. 1+: N. D. 1+: P. 14+: 
S. L. 2+. 

Journal of botany, British and foreign. London, England. Exp. 40-49. 

Journal of botany (Hooker). London, England. I. U.1+: N. H. 1-4. 


Journal of comparative medicine and surgery. Philadelphia, Pa. Exp. 1-10)|. 


Continued by Journal of comparative medicine and veterinary archives q. v. 

Journal of comparative medicine and veterinary archives. Philadelphia, Pa. 
Exp. 11-24. 

Journal of comparative neurology. Philadelphia, Pa. D. 1-21: I. U. 1+: 
S. N. 16+. 


Volumes 14-20 were entitled Journal of comparative neurology and psychology. 

Journal of comparative pathology and therapeutics. London, England. Exp. 
23+. 

Journal of cutaneous and venereal disease. New York. D. 1*, 2*, 3%. 

Journal of economic entomology. Concord, N..H. Exp. 14+: P. 1+: 5S. L. 
1-4: W. 2+. 

Journal of educational psychology. Baltimore, Md. I. U.1+: P.14+:58.N. 
1+. 

Journal of engineering. Boulder, Colo. See under Colorado university. 

Journal of electricity, power, and gas. San Francisco, Calif.; New York. P. 
27+. 

Journal of experimental medicine. New York; Lancaster, Pa. Exp. 13+: 
I. U. 1-6, 8-12, 14-++. 

Journal of experimental zoology. Philadelphia, Pa. E.6: I. U. 1-12: P. 1+: 
S.L. 6+: S. N. 1+: W. 2+. 

Journal of genetics. Cambridge, Mass. I. U. 1+. 

Journal of geography. Lancaster, Pa.; Chicago, Ill.; New York. I. U. 7+: 
S. N. 1+. 

Journal of geology. Chicago, Ill. B. 7-18: E. 1+: F. 20+: I. U. 14+: M. 
18, 19: P. 1*, 2*, 3*-5*, 6-14, 15*, 16+-: S. L. 1+: S. N. 1-++: W. 1+. 

Journal of home economics. Geneva, N. Y. P. 2+. 

Journal of hygieo-therapy. Kokomo, Ind. D. 4*, 5*, 6*, 7*: P. 1% 

Journal of hygiene. Cambridge, England. I. U. 1+: P. 6+. 
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Journal of industrial and engineering chemistry. Easton, Pa. D. 1+: Exp. 
1+: Ft. W.4+:G.5+:1. U.1+:N. D.1+: P. 1+. 

Journal of infectious disease. Chicago, Ill. Exp. 1+: P.14+:8. L. 5+: T. H. 
6+. 

Supplement. Exp. 1-4. 

Journal of materia medica. New Lebanon, N. Y. D. 1*, 13%, 14*, 15*, 20%, 
Paps alee 

Journal of medical research. Boston, Mass. Exp. o. s. 24+: 1. U.n.s. 1-17, 
21+: T. H. 20-22, 24-26. 

Journal of medical science. Dublin, Ireland. D. 62, 66, 72. 

Journal of medical science. Edinburgh, Scotland. D. 1-3. 

Journal of mental science. London, England. I. U. 40-56, 58+. 

Journal of microscopical science. See Quarterly journal of microscopical 
science. 

Journal of morphology. Boston, Mass.; Philadelphia, Pa. B. 10-20: D. 
1-23: I. U. 1-17, 19++: P. 1+: W. 17. 

Journal of mycology. Manhattan, Kan.; Washington, D. C.; Columbus, O. 
D. 1-14||: N. D: 1-3, 77, 8*: S. L. 1-7: 8. N. 1-4: W. 9-12: 
Continued as Mycologia gq. v. 

Journal of nervous and mental diseases. New York. I. U. 27+: T. H. 36+. 

Journal of pathology and bacteriology. Cambridge, Mass. Exp. 15+. 


Journal of pathology and bacteriology. Edinburgh, Scotland; London, England. 


I. U. 14+. 
Journal of pharmacology and experimental therapeutics. Baltimore, Md. 
POA, 


Journal of philosophy, psychology and scientific methods. New York. E. 
1-6: I. U. 1+: P. 5+:8. N. 1+. 

Journal of physical chemistry. Ithaca, N. Y. B. 18+: 1. U. 1-15: P. 6+. 

Journal of physiology. Cambridge, London, England. D. 1-6, 12, 16: I. U. 


1+: P. 32+. 
Journal of race development. Worcester, Mass. I. U. 1+. 


Journal of religious psychology. See American journal of religious psychology 
and education. 

Journal of school geography. Lancaster, Pa. S. N. 1+. 

Journal of the board of agriculture. London, England. Exp. 17*, 18+. 

Journal of the veterinary science in India. Madras. Exp. 1-7. 

Journal of tropical medicine. London, England. I. U. 9+. 

Journal russe de botanique. St. Petersburg, Russia. N. D. ’12+. 
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Jurjey (Russia) Imperial university. 
Acta horti botanici. N. D. 14+. 
Kaiserlich Gesundheitsamte. Berlin, Germany. 
Arbeiten. Exp. 1, 3. 
Kaiserlich-kénigliche zoologische-botanische Gesellschaft. Vienna, Austria. 
Verhandlungen. Ac. 38, 391-4, 403: 4, 41-48, 441-4, 451-10 461-3; 5, 7, 9 10. 
AT A9-60, 611-22: 
Kaiserlich-leopoldinische-carolinische deutsche Akademie der Naturforscher. 
Halle, Prussia. 
Abnandiungen: Ac. 68;.69' "2 70", 733,701, 792, Sit 2: © 828.4) Sot Sse 
Vie Sa Bye ORE 
Kansas academy of science. Topeka. 
Transactions. Ac. 9, 19-22, 24: EH. 13, 15-18: Exp. 8, 12: I. U. 20-21, 24, 
2p ob e2oon-30.) Na, 20-5°N. He 2142 RP, 787= 905) 99-702 sats 
5, 8-17. 
Kansas (state) agricultural college. Manhattan. 
Agricultural education. P. ’i0+. 
Kansas. Agricultural experiment station. Lawrence. 
Annual report. Exp. 1-5. 
Kansas. Agricultural experiment station. Manhattan. 
Annual report. Exp. 1+: P. 1+:S. L. 783-700. 
Bulletin. D.75, 127, 129: Exp. 1+:N. D. 180: P.1+:S. L.’89-’98. 
Kansas. Agriculture, State board of. 
Annual report. D. 5]]. 


Continued as 
Biennial report. D. 1, 3-5: Exp.9+:N. D. 4: P. 1, 3, 10+. 
Guarterky Treponion Lixpw20s vel, 22°, 20 524", 205 284-1 bs al ag coms 
29, 30*, 31+. 
Kansas (state) entomological commission. 
Report. P. 1+. 
Kansas farmer. Topeka. Exp. 47*, 48*, 49*, 50*, 51+. 
Kansas (state). Fish and game, Department of. 
Bulletin. P. 1+. 
Kansas (state). Geological survey. 
Bulletin on mineral resources. I. U. 1+: P. 799, 703: R. P. ’97-’99. 
IGT, IS, MeiG We IPs has (he lit. leaain 
Report of progress. P.n.s. 1. 


294 


Kansas (state) horticultural society. Topeka. 
Biennial report. D. 1-3. 
Pamphlets. S. L. 1-4. 
Report. D. 9-16||: P. 15. 


Continued as Biennial report gq. v. 
Transactions. Exp. 138-16, 18-22, 24, 27, 28, 30, 31: S. L. 778-710. 
Kansas industrialist. Manhattan, Kan. N. D. 38*, 39*-+. 
Kansas live stock sanitary commission. ‘Topeka. 
Biennial report. Exp. ’09, 710. 
Kansas university. Lawrence. 
Hngineering record. P. 1-2. 
Quarterly. Ac. ser. A. 6-10: ser. B. 6-7: P. 1-10*. 
Science bulletin. Ac. 1-5, 6: D. 4*, 77, 137: 1. U. 1-F: N. D) 1-3 eae 
R. P. 1+. 
Keith’s magazine. Minneapolis, Minn. Ft. W. 15+: G. 23+. 
Kentucky. Agricultural experiment station. Lexington. 
Annual report. D. 2-18: Exp. 1+: P. 1+. 
Bulletin. D. 93, 124-133, 135, 140, 142-148, 151-158, 161-164, 167, 169+: 
Exp. 1+: P. 1+:S. L. ’09-++. 
Kentucky (state) agricultural society. 
Reporte aS.) 1 1b.) Die 
Kentucky. Agriculture, labor and statistics, Bureau of. Frankfort. 
3iennial report. Exp. 704, ’05: P. ’06-’09. 
Kentucky (state) farmers’ institute. Louisville. 
Annual report. Exp. ’07, ’11. 
Kentucky. Forestry and emigration, State board of. 
Annual report. Exp. ’78. 
Kentucky (state). Geological survey. 
Report of progress. I. U. ’54-’59; N. D. 56, ’57.:N. Hi. 1-4: Pongee 
Keramic studio. New York. G. 12+. 
Kew, England. See Royal botanic gardens. 
Kimball’s dairy farmer. Waterloo, Ia. Exp. 7, 8*, 9+. 
Kleinwelt. Zeitschrift der deutschen micrologischen Gesellschaft. Munich, 
Germany. N. D. ’09+. 
KOniglich-bayerische Akademie der Wissenschaften. Munich, Germany. 
Sitzungberichte. Ac. 1-15, ’11*-%, 712!) 2. 
KOniglich deutsches archacologisches Institut. 
Mittheilungen athenische. I. U. 1+. 


Mittheilungen roemische. I. U. 14+. 
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KOniglich-preussische Akademie der Wissenschaften. Berlin, Germany. 
Abhandlungen. I. U. 1+. 
K6niglich-siichsische Gesellschaft der Wissenschaften:mathematisch-physische 
Klasse. 
Berichte iiber die Verhandlungen. I. U. 63+. 
K6nigliche Gesellschaft der Wissenschaften zu Gottingen. Mathematisch- 
physikalische Klasse. 
Nachrichten. I. U. 61+. 
KOnigliche katholische Gymnasium. Culm, Germany. 
Jahresberichte. N. D. 10. 
Kongelige norske videnskabers selskab. ‘Trondhjem, Norway. 
Skrifter. Ac. ’97-711. 
Kongliga svenska Vetenskaps-akademie. Stockholm, Sweden. 
Arkiv for botanik. Ac. 114, 21-3, 7+. 
Arkiv fér kemie, mineralogi och geologie. Ac. 1', 3, 4!-’, 
Arkiv fér zoologi. Ac. 1', 4+. 
Behang till handlingar. Ac. 12-28. 
Koninklijke natuurkundige Vereeniging in Nederlandsch-Indie. Weltevreden, 
Dutch East Indies. 
Natuurkundige Tijdschrift. Ac. 52, 538, 55+. 
Koninklijke akademie von wettenschafpen. Amsterdam, Holland. 1. U. 18+. 
Kosmos. Stuttgart, Germany. N. D. 7138+. 
Lake Michigan water commission. 
Report. P.1+. 
Lancet. London, England. I. U. 82-87. 


The American reprint was issued in New York under the title London lancet q. v. 
Landscape architecture. Harrisburg, Pa. G. 2+. 
Landwirthschaftliche Jahrbiicher. Berlin, Germany. Exp. 12-26, 40+. 
Landwirtschaftlichen Versuchsstationen. Berlin, Germany. Exp. 17, 36, 37,* 
38, 39*, 40+: I. U. 35-47, 49+. 
La Plata (Argentine Republic). See Museo de la Plata. 
Leaflets of botanical observations and criticism (Greene). Washington, D. 
OCU fe I ee Fe 
Leeds (N. Dak.) herbarium. 
Bulletin. N. D. 1, 2(|. 
Leland Stanford, jr. university. Hopkins laboratory. 
Contributions to biology. Exp. 19, 25, 27, 30: I. U. 1-32: P. 1-8, 10-12, 
14, 16, 18-30. 
Publications. Ac. 1-6, 9: Exp. 1-6, 9, 11+: P. 1+. 
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Lens. Chicago, Ill. R. P. 1, 2\l. 
Lick observatory. See California university. 
Liebig. Annual report of progress of chemistry and allied sciences. London, 
England. R. P. 1-4. 
Lilly scientific bulletin. Indianapolis, Ind. Exp. I*: N. D. I. 1+. 
Lincoln (Neb.) freie press. Exp. 28*, 29+. 
Linnean society of London (England). 
Transactions. I. U. II. zoology 4+. 
Linnean society of New South Wales. Sidney, Australia. 
Proceedings: Ac. 25, 26°, 217-4, 28°-* 29 * 
Linnean society of New York. 
Abstract of proceedings. Ac. 1-4, 6-11. 
Transactions. Ac. 1. 
Lister institute of preventive medicine. London, England. 
Collected papers. Ac. 2-8'-?. 
Live stock journal. Chicago, Ill. Exp. 48*, 55*, 56*; P. 33-42. 
Live stock journal. London, England. Exp. 33-48, 56-62, 65*, 66+. 
Lloyd library. Cincinnati, O. 
Bibliographical contributions. Ac. 1+: Exp. 2-10: N. D. 1+. 
Bulletins. Botanical series. Ac. 2: Exp. 2: N. D. 1+: P. 1+. 
Materia medica series. N. D. 1+: P. 1+. 
Mycological series. Ac. 1-4, 6: Exp. 3-4: P. 1+. 
Pharmacy series. Ac. 1+: Exp. 1-5: N. D. 1+: P. 1+. 
Polyporoid series. Exp. 1. 
Reproduction series. Ac. 1-6: Exp. 1-7. 
Mycological notes. Ac. 1-26, 30-35: Exp. 32-37: N. D. 1*-3*: P. 1-11, 14+. 
Locomotive engineering. New York. P. 8*, 9*, 10-13)): R. P. 10-13). 
Continued as Railway and locomotive engineering q. v. 
Locomotive firemen’s and enginemen’s magazine. Terre Haute, Ind.; Peoria, 
Ill. P. 46+: R. P. 10, 12+. 
London (England). See Lister institute. 
London (England). Agriculture and fisheries, Board of. 
Annual report. Exp. ’04, 705, ’08. 
Leaflets. Exp. 18, 29, 66, 78, 97, 100, 144, 146, 160-190, 192-194, 196-206, 
208-226, 228, 233, 241, 242, 245, 246, 248-255, 257+. 
London (England) horticultural society. 
Transactions. N. D. 1-4. 
London (England) journal of arts and sciences. N. D. 1-4, 8, 9, 12, 13. 
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London lancet. New York. N. H. 1-14; n.s. ’52-758. 
American reprint of the Lancet, London. q. 7. 
London mathematical society. 
Proceedings. I. U. I. 1-35; IJ. 1-++. 
London (England) medical and surgical journal. D. 1-8. 
London (England) microscopical society. 
Transactions. R. P. 1-3. 
London physical society. 
Proceedings. I. U. 1+: P. 19+. 
Long Island agronomist. Medford, N. Y. Exp. 1+: P.5+. 
Louisiana. Agricultural experiment station. Baton Rouge. 
Annual report. Exp. 1+: P. 1-6, 10, 12+. 
Bulletin. Exp. o. s. 1-8, 10-28; n. s. 1+: P. 1+: S. L. 106-112, 115-116, 
124, 
Louisiana. Agriculture, Commissioner of. 
Biennial report. P. 2, 9, 12, 13. 
Louisiana conservation commission. 
Report. P. 710. 
Louisiana. Crop pest commission. Baton Rouge. 
Biennial report. Exp. ’06-’09: P. ’04-’07. 
Louisiana geological survey. Baton Rogue. 
Bulletin. Exp. 1, 3-8: P. 1-5, 7-8. 
Report. P. 799, 702. 
Louisiana. Gulf biologic station. Cameron. 
Bulletin. P. 3, 4, 6, 7, 9-11, 13-15. 
Louisiana (state) horticultural society. Baton Rouge. 
Annual report. Exp. ’04-’08. 
Louisiana (state) museum. New Orleans. 
Bulletin. Ac. 1: Exp. 1: N. D.1, 2, 4+. 
Report. Ac. 710, 712: N. D. 08, ’10-+-. 
Louisiana planter and sugar manufacturer. New Orleans. Exp. 3*, 4-8, 
Or 102I2 5132, 147. 15*, 16, 17*,.18*; 19*, 20%; 217, 22,-23,, 247, 25° 26; 
27, 28*, 29*, 30, 31*, 32, 33*, 34, 35*, 36*, 37-40, 41*, 42*, 43-45, 46*, 
47*, 48*, 49*, 50+. 
Louisiana society of naturalists. 
Proceedings. N. D. ’00. 
Louisiana state university. Baton Rouge. 


Farmer’s library circulars. P. 1. 
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Louisville (IXy.) medical monthly. P. 2*, 3*. 
Lowell observatory. Flagstaff, Ariz. 
Annals. I. U. ’98, ’00, 705. 

Lumiére électrique. Paris, France. P.n.s. 1+. 

Continues Eclairage électrique q. v. 
Lyon (France), Université catholique de. N. D.n.s. 6-9. 
Machinery. New York. Engineering edition. Ft. W. 138+: G. 7*, 8+: L. 

P. 15*, 16*, 18*, 19+: P. 10+: R. P. 3+. 
Magazine of art. London, England. P. 3-13, 14% 
Magyar botanikai Lapok. Budapest, Hungary. N. D. 10+. 
Magyar kirdlyi termeszéttudomdnyi tarsulat. Budapest, Hungary. 
Megbizdsibol. Ac. 1-3. 
Magyar madartani kézpont folydirata. Budapest, Hungary. 
Aquila. Ac. 5+: N. D. 712+. 


Magyar memzeti muizeum. Budapest, Hungary. Ac. 1-3. 


Maine. Agricultural experiment station. Orono. 
Annual report. Exp. 785+: P. ’88-++. 
Bulletin. D. 28, 32, 35, 36, 42, 46, 118, 115-118, 136, 188: Exp. o. s. 1-26: 
m.'s: L--s P. I=. 
Official inspection bulletin. Exp. 1+: P. 1+. 
Maine. Agriculture, Commissioner of. 
Annual report. P.1+:8S. N. 1+. 
Bulletin. P. 8*, 9*, 10*, 11+. 
Maine. Agriculture, state board of. 
Annual report. P. 1-45. 
Maine. Cattle commissioners. 
Report on contagious diseases of animals. P. ’02-’08. 
Maine dairymen’s association. 
Annual report. Exp. 9-11: P. 13. 
Maine (state) entomologist. 
Annual report. P. 1-6. 
Maine forest commissioner. 
Reports 4 sc 5nd, Siz eee ae sale 
Maine. Health, State board of. Augusta. 
Annual report. Exp. 8-10, 12-15: P. 1-15 
Bulletin. Exp. *1, 2+. 
Report of sanitary inspector. Exp. 8*,. 9, 10, 11-15*. 
Maine. Highway, Commissioner of. 
Annual report. S. N. 705-09. 


Maine (state) horticulturist. 
Annual report. P. 1+. 

Maine. Inland fisheries and game, Commissioner of 
Report. P. 02, 06+: S. N. 702, ’06, 08. 

Maine (state) pomologica! society. Turner. 
Transactions. Exp. 795, 799, ’01. 

Maine. Sea and shore fisheries, Commissioners of. 
Report. P. 702+: 8. N. 703-08. 

Maine. Water storage commission. Augusta. 
ljoromsits IN(G IDG Weed leo lar 

Malvern (Wngland) college natural history society. 
Report. N. D. 9--. 

Man. London, England. I. U. 8+. 

Manchester (England) microscopical society. 


Annual report and transactions. N. D. 711+. 
Manchester (N. H.). Water commissioners, Board of. 
Annual report. N. D. 4+. 
Manitoba. See Historical and scientific society of Manitoba; Winnipeg. 
Manitoba agricultural college. Winnipeg. j 
Bulletin. Exp. 1-5. 
Manitoba horticultural and forestry association. Winnipeg. 
Annual report. Exp. ’98, ’02-’06, 708, ’09. 
Manual training magazine. Chicago; Peoria, Ill. Ft. W. 10+: G. 
65%, Petosee Ni. °T--: P. 94-: 8. N. 1-230. 9--- 
Marconigraph. New York. Ft. W. 14. 
Marine biological laboratory. Woods Hole, Mass. 
Lectures. I. U. 1-7: 8S. N. ’93-’99]|. 
See Biological bulletin. 
Market growers’ journal. Louisville, Ky. Exp. 1, 2, 3*, 4-7, 8*, 9+. 
Maryland agricultural college. College Park, Md. 
Quarterly. Exp. 1-3, 5-21, 23-37, 46-48, 50+. 
Maryland. Agricultural experiment station. College Park. 
Annual report. Exp. 1-++: P. 1+. 
Bulletin. D. 58, 60: Exp.1+: P.1+: 8. L. 798-09. 
Special bulletin. Exp. ’89-’90. 
Maryland. Geological survey. 
Inigjoorrtiig 1D, Teh, OS IO, Ie IRs eee 
Maryland (state) horticultural society. College Park. 
Annual report. Exp. 2-4, 6-18. 
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Maryland. Statistics and information, Bureau of. Baltimore. 
Annual report. Exp. 710-711. 
Maryland weather service. Baltimore, Md. 
Report. E. 2: Exp. 2: P.n.s.1+:S8. N. n.s. 1+. 
Special publications. N. D. 3. 
Massachusetts agricultural college. Boston, Mass. 
Annual report. Exp. 792-’94, ’97-’01, ’04. 
Massachusetts. Agricultural experiment station. Amherst; Hatch station. 
Annual report. Exp. 1+: N. D. 19-22, 24+: P. 2, 3, 8+. 
Bulletin. Exp. 1+: N. D. 100-106, 108, 110-121, 123-135, 1388+-: P. 1+. 
Massachusetts. Agricultural experiment station. State station. 
Annual report. Exp. 1-25: P. 1-12. 
Bulletin. Exp. 5, 7-56: P. 1-45, 47-49, 51, 52, 54-56. 
Meteorological observations. Exp. 1+: P. 234+. 
Special bulletin. Exp. 1-6. 
The Hatch station and the State station were combined in 1896. 
Massachusetts agricultural society. 
Reports. N. D. 1+. 
Massachusetts. Agriculture, State board of. 
Annual report. Exp. 753+: N. D. 10, 11+: P. ’55, ’86-’09: R. P. 4, 29. 
Bulletin. Exp. 1+: P. 1+. 
Crop report bulletin. Exp. 23+. 
Nature leaflets. Exp. 1+. 
Massachusetts. Cattle commissioners, Board of. Boston 
Annual report. Exp. ’99-’01. 
Massachusetts (state) forester. 
Bulletin. P. 1, 3-5. 
Report. P. 5+. 
Massachusetts fruit growers’ association. 
Annual report. Exp. 12-17. 
Massachusetts. Health, State Board of. 
Annual reports: R. P. 1-11, 23: P. 1-7, 11, 18, 20-29, 32--. 
Massachusetts. Highway commission. 
Report. P. 1, 4, 7-14, 17+. 
Massachusetts horticultural society. Boston. 
Transactions. Ac. ’92?, 931. 2, 941) 2, 7951-3, 7961-3, °971, 2, °9gi. 2, 7991, 2 
7007, 7037, ’04'. 2, ’05!. 2, 06-09, 710!» 2, 7111, °12'+: Exp. 88, ’89, 790, 
O12 P7835, 295: 
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Massachusetts. Zoological and botanical survey, Commissioner of. 
Reports Ns De74lNo Ee -4i: 
Master car builders’ association. New York. 
Proceedings. P. 1-6, 9, 11, 13-24, 26-37, 39+. 
Materia medica or Pharmacology and therapeutics. Springfield. D. 1% 
Mathematical gazette. London, England. I. U. 1+: 58. N. 4+. 
Mathematical magazine. Washington, D.C. I. U. 1: W. 2. 
Mathematical messenger. Ada, La.; Tyler, Tex. I. U. 4-7. 
Mathematical monthly. Cambridge, Mass. I. U. 1-3: P. 1-3: R. P. 1-3. 
Mathematical questions and their solutions. London, England. I. U. 1-75; 
Me Se USS 
Mathematical review. Worcester, Mass. I. U. 1*, 2% 
Mathematical visitor. Erie, Pa. I. U. 1, 2. 
Mathematico-physical society of Tokyo, Japan. 
Journale le We. Ne 
Mathematische Annalen. Leipzig, Germany. R. P. 1+: P. 14+: I. U. 1+. 
Mathematische und naturwissenschaftliche Berichte aus Ungarn. Budapest, 
Hungary. Alc. 1-125) 14-26%5¢2 1; Us 1: 
Mathésis, recueil mathématique. Ghent, Belgium. I. U. 1-17, 19+. 
Mechanics. See Engineering mechanics. 
Mechanics. N. D. 13, 14, 16, 18, 19. 
Mechanics’ magazine. London, England. N. H. 1-15, 19, 20. 
Mechanics’ magazine and register of invention and improvement. New York. 
N. H. 1-4. 
Medical adviser. London, England. N. H. 1-5. 
Medical age. Detroit, Mich. D. 1*, 2*, 3*, 4-6, 7*, 8, 9%. 
Continues from Michigan medical news g. v. 
Medical and surgical journal. Edinburgh, Scotland. D. 33-36, 38-52. 
Continued as Medical journal gq. v. 
Medical and surgical journal. London, England. D. 1-8. 
Medical and surgical monitor. Indianapolis, Ind. I. U..7+:8. N. 8-10. 
Medical and surgical reporter. Burlington, N. J.; Philadelphia, Pa. D. 
PA sO AD AG ETAT UU su 89 Oi 2) be O0-0oi6 
Medical brief. St. Louis, Mo. D. 4*, 5-12, 13*, 14-19, 20*, 21*: P. 14-24%, 
Medical gazette. New York. D. 8*, 9*, 10%. 
Medical gleaner. St. Louis, Mo. D. 1. 
Medical investigator. Bloomington, Ind. I. U. 1. 
Medical journal. Edinburgh, Scotland. D. 1, 2*, 3, 5, 7, 8*, 9, 10, 11*, 12*. 
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Medical monitor. See Central states. 

Medical news. Philadelphia, Pa. D. 31-35, 36*: I. U. 52-55: N. D. 27-30: 
ING Jel ot, sles oes aia eh 
Vols. 1-37 were called Medical news and library; vols. 38-29 Medical news and abstract. 

Medical news and library supplement. Philadelphia, Pa. D. 379-383. 

Medical record. New York. Exp. 77+: I. U. 24, 25, 29-36, 43-56: M. 13-41. 

Medical review of reviews. New York. Exp. 15, 16: P. 7-12% 

Medical science. See Journal of Medical science; also Monthly journal of 
medical science; also Quarterly journal of medical science. 

Medical standard. Chicago, Ill. P. 17, 18*. 

Medical world. New York; Philadelphia, Pa. D. 1*, 3*-6*, 7, 8, 9*: P. 
Ss Ile is}. lake 

Mennonitische Rundschau. Scottsdale, Pa. Exp. 33*, 34*, 35*, 36*-+. 

Merck’s bulletin. New York; London, England. P. 2-4%*. 

Merck’s annual report on medical preparations. New York. N. D. 10+: 
P. 4, 6+. 

Meriden (Conn.) scientific association. 

Transactions. Ac. 1-6. 

Messenger of mathematics. London; Cambridge, England. D. 1-22: I. U. 
n. s. 1-28: R. P. 1+: S. N. 26-36. 
Continues Oxford, Cambridge and Dublin messenger of mathematics q. ?. 

Metal industry. New York. Ft. W. 2+. 

Metallographist. Boston, Mass. See Iron and steel magazine. 

Metallurgical and chemical engineering. New York. D. 2+: E. 7+: G. 
7-1. U.. 1+: N. D: 3--: P. 1--: BR. P. 1E* 
Vols. 1 and 2 have title Electrochemical industry and vols. 3-7 have title Electrochemical 


and metallurgical industry. 
Mexico. Secretaria de fomento, colonizacion e industria de la Republica 
Mexicana. Mexico City. 
Boletin del instituto geologico. Ac. 10-15. 
Mexico City (Mexico). See Museo nacional. 
Mexico (City) instituto medico nacional. 
Anales. Ac. 11-3, 121) 2, 
Mexico. Estacion agricola experimental de Ciudad Juarez. 
Bulletin. Exp. 1+. 
Mexico rubber planters’ association. 
Yearbook. Exp. ’07, ’08. 
Meyer brothers’ druggist. St. Louis, Mo. N. D. 23*-33*: P. 12, 15, 17, 18, 
22, 28+. 


303 


Michigan academy of science. Lansing. 
Bulletin. P. 1-3*. 
Report. I. U. 7+: N. D. 1+: P. 1+:S. L. ’94-’00, 702+. 
Michigan agricultural ae Zoology and physiology, Department of. 
Special bulletin. N. D. 712+. 
Michigan. Agricultural experiment station. East Lansing. 
Annual report. Exp. 1-5, 8+. 
Bulletin. D. 45, 76, 125, 146-147, 218, 222-224 239 
1+: N. D. 260, 267+: P. 1-144, 146+. 
Elementary science bulletins. Exp. ae P. 1, 2, 4+. 
Special bulletins. D. 7, 29, 32, 44, 54, 59+: a 2,45,7+:P.1+4. 
Technical bulletins. D. 5-7, 11+: Exp. 1+: P. 1+. 
Michigan. Agriculture, State board of. Larsing. 
Annual report. D. 15-17, 25, 26, 28-30, 35-37, 39, 49+: Exp. 3-7, 9-11, 
14-20, 23-31, 33-+-: P. 6, 7, 10-14, 17-19, 23, 25-37, 39+: R. P. 25, 26, 
28-30. 
Biennial report. Exp. 1 
Continues Michigan (state) agricultural soc‘ety q. v. 
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Michigan (state) agricultural society. Lansing. 
ransactionss ss Expalete=sy) Ulwiee D0s 252s Ss. Does. Wie 2s) oie 
Continued by Michigan. Agriculture, State board of. 4. v. 
Michigan (state) association of farmers’ clubs. Metamora. 
Annual report. Exp. 705-12. 
Michigan. Dairy and food commissioner. 
Report. P. 703, ’05-+-. 
Michigan dairy farmer. Detroit. Exp. 2*, 3, 4*, 5+. 
Michigan dairymen’s association. 
Annual report. Exp. 7-9, 12: P. 15. 
Michigan fish commission. Lansing. 
Bulletin. Exp. 2. 
Michigan engineering society. 
Michigan engineer. P. 1-2, 4-5, 11-29: R. P. ’94-’96. 
Michigan. Forestry commission. 
Report. Exp. ’88: P. 1+*. 
Michigan. Geological survey. Lansing. 
Report. E. ’01, ’03-’06: N. D. ’06: N. H.1: S. N. 707. 
Michigan. Health, State board of. Lansing. 
Annual report. Exp. 4, 13-18, 20-22, 24-28: P. 1-33, 35+: R. P. ’85. 
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Michigan (state) horticultural society. Lansing. 
Annual report. D. 10-21: Exp. 10-16, 18-21, 36-41: P. 10-18, 40+: S. L. 
10+. 


Prior to 1880 known as the Michigan (state) pomological society g.v. The volume numbers 
of the reports are continuous. 
Michigan. Live stock sanitary commission. Stanton. 
Biennial report. Exp. 2-13. 
Mich gan (state) pomological society. Lansing. 
Annual report. D. 3, 5-9||: Exp. 3-9||: P. 2, 6, 8, 9||: S. L. 1-9]]. 
In 1880 the society took the name of the Michigan (state) horticultural society q. v. 
Michigan medical news. Detroit. D. 1*, 2*, 3*, 4, 5*. 
Continued in Medical age q. v. 
Michigan university. Clinical society. 
Transactions. I. U. 1+. 
Michigan university. Engineering society. 
Technic. P. 2, 3, 5, 7-22. 
Michigan university. Museum of natural history. Ann Arbor. 
Report: S. b.712. 
Michigan university. Botany, Department of. 
Bulletin. NED gn Gk Ee 
Michigan (state) veterinarian. Lansing. 
Biennial report. Exp. 6. 
Microscope, The. Washington, D. C. N. D. 6*, 7, 8*-10*, 11, 12*; no svi; 
Das ae. 
Microscopical bulletin and science news. Philadelphia, Pa. Ac. 6%, 71, 14°, 
P52 al7e 1S 24 ND e Dee Sep Oost 
Milchwirtschafiliches Zentralblatt. Leipzig, Germany. Exp. 6, 7, 41+. 
Milch Zeitung. Leipzig, Germany. Exp. 18, 39, 40. 
Milwaukee (Wis.). Public museum. 
Reports. Ac. 798+. 
Mind. London, England. B.n.s. 10+: 1. U. o. s. 1-16; n. s. 1+: P.n. s. 
17+: S. N. 1+: W. 5-18. 
Mind and body. Milwaukee, Wis. G. 17+: I. U. 1-16, 18+: S. N. 1-13, 15+. 
Mineral industry. New York. I. U. 1-6: P. 9-15: W.12. 
Mining and engineering world. New York. Ft. W. 38+. 
Minnesota academy of natural sciences. Minneapolis. 
Bulletins. Ac. 2'-5, 33: P. 3*. 


Minnesota. Agricultural experiment station. St. Paul. 
Annual report. D. 12: Exp. 793+: P. ’88, ’94-’96, ’98-+-. 
Biennial report. Exp. ’88-’92. 
Bulletin. D. 39, 46, 51, 89-91: Exp. 1+: P. 1+. 
Minnesota (state) agricultural society. Hamlin. 
Annual report. Exp. ’00-’07, 709, ’10. 
Minnesota and Dakotafarmer. Brooking, 8. D. Exp. 3*, 4, 5*, 
Minnesota dairymen‘s association. 
Annual report. Exp. ’93, ’01: P. 03, ’04. 
Minnesota (state) entomologist. 
Minnesota insect life. P.1+. 
Minnesota. Fire warden, Chief. 
Annual report. S. N. 799, 700, ’02. 
Minnesota (state) food and dairy commission. St. Anthony Park. 
Biennial report. Exp. 5, 7. 
Minnesota. Forestry commissioner. 
Report. P. 1-2, 4-8, 11, 12, 14, 16. 
Minnesota. Geological and natural history survey. 
Minnesota botanical studies. Exp.1+: N. D. 14+: P. 1+. 
Minnesota plant studies. Exp. 1-4: N. D.1+: P.1+4. 
Report. E.1-5: N. D. 1, 3, 5, 8-+-: N. H. 4, 5, 8, 11: P. 1-4. 
Minnesota. Health, State board of. 
Annual report. P. ’74, ’75, ’78-’86. 
Minnesota (state) horticultural soc ety. St. Paul. 
Report or Transactions. D. ’66-’73, ’82-’85, ’87-’89, ’92-’94: Exp. ’84 
“86-89, 92, °95-"01: S. I. 792; 794, 295. 
Minnesota northeast experiment farm. 
Report. Exp. ’06. 
Minnesota. Stallion registration board. St. Anthony Park. 
Bulletin. Exp. 1-3: P. 1+. 
Minnesota university. Minneapolis. 
Minnesota botanical studies. Exp. 1+: N. D.4+:S.N. 1, 2. 
Minnesota university. Society of engineers. 
Yearbook. P. 1, 4, 5, 8-17. 
Minnesota university. Sea side station. 
Postelsia. A212. U1, 2: P. 1, 2. 
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Minnesota. Waterways commission. 
Reports. P. 1+. 
Miramichi (New Brunswick) natural history society. 
Proceedings. N. D. 4, 6+. 
Mississippi. Agricultural experiment station. Agricultural college. 
Annual report. D. 12, 13: Exp. 1-+-: P. 1-8, 10, 13, 15-L. 
Bulletin. D. 50, 66, 73, 76, 79-80, 83: Exp. 1-37, 39-45, 47, 49-84, 86-96 
98-152, 15 +: P.1+: S. L. ’09-710*. 
Technical bulletins. Exp. 1, 2: P. 1+. 
Mississippi. Geological survey. 
Bulletin. P. 8. 
Mississippi river power company. 
Bulletin. N. D. 1-7. 
Mississippi valley horticultural society. 
Transactions= Wsl>2P. iy 2. 
See American horticultural society. 
See American horticultural society. 
Missouri. Agricultural experiment station. Columbia. 
Annual report. Exp. ’88, ’96-’04, 710+: P. ’96-’99, ’01-’03. 
Bulletin. D. o. s. 6: Exp. o. s. 1-8, 10-12, 14, 19, 21-24, 29-35; n. s. 1+ 
P. 0. s. 4, 5, 24-35; n.s. 1+: S. L. ’99-11. 
‘Research bulletin. Exp. 1+: P. 1+. 
Missouri agricultural farmer. Columbia. Exp. 5*, 6, 7*, 8, 9*, 10+. 
Missouri. Agriculture, State board of. Crescent. 
Annual report. Exp. 16-20: R. P. ’89-’90: P. 13, 15, 20, 35-41, 43+. 
Missouri botanical garden. St. Louis. 
Reports D. 5-8, 10+: E. 1-12, 14: Exp. 2+: G. 1-11: I. U. 1-21, 23+: 
N. D.1+: 8. L. 14+. 
Missouri (state) corn growers’ association. 
Annual report. Exp. 711. 
Missouri farmer and breeder. Columbia. Exp. 2*, 3*. 
Missouri. Food and drug inspection, Department of. 
Bulletin. P. 3. 
Report. P. ’09-710. 
Missouri (state) fruit experiment station. Mountain Grove. 
Biennial report. P. ’03+. 
Bulletin. Exp. 1-5, 7-8, 10+: P. 1, 5-21. 
Missouri. Geological survey (organized 1853). Jefferson City. 
Annual report. N. D. 1+: N. H.1, 2: S. N. 10. 
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Missouri. Geology and mines, Bureau of. 
Biennial reports to the general assembly. P. ’¢1-’08. 
Report. E II. 1-10: P. 1.3; II. 1+. 
Missouri. Horticulture, St te board of. 
Annual report. Exp. 1-5: N. D. 1+: P. 1-3: S. L. 707, 709, 710. 
Missouri (state) horticultural society. 
Proceedings. Exp. 68-72. 
Report. D. 83, ’87, ’90, ’91, ’95-’97: Exp. ’80, ’81 ’83-’88, ’89, ’91, ’93, 
195, 97-01, 706-11: P. 280; “81, 283-787, °92, 795; 799; (01-706: Ss: i 
’86, °94, 703, ’04. 
Missouri pharmaceutical association. St. Louis. 
Proceedings. N.D. 10-11. 
Missouri university. Columbia. 
Bulletin. Medical series. §S. L. 1+. 
Science series. N. D.1+: P. 2+: S. L. 1*,2*. 
Studies: «2.1 2: RP: 12: 
Social science series. R. P. 1. 
Science series. I. U. 1+: P. 1+. 
Mittheilungen iiber dungungsversuche. Berlin, Germany. Exp. 1, 2. 
Modern electrics. Detroit, Mich. G. 5+. 
Modern medicine. N. D. 2*. 
Modern miller. St. Louis, Mo. Exp. 34*, 35*, 36+. 
Molkerei Zeitung. Berlin, Germany. Exp. 20, 21*, 22+. 
Molkerei Zeitung. Hildesheim. Exp. 25*, 27+. 
Monatshefte fiir Mathematik und Physik. Vienna, Austria. I. U. 20+. 
Monde des plantes. Le Mans, France. N. D. II. 14+. 
Monist. Chicago, Ill. I. U. 14+. 
Moniteur du jardin botanique de Tiflis (Russia). N.D. 25+. 
Montana. Agricultural experiment station. Bozeman. 
Annual report. D. 10, 11: Exp.1+:N.D.19: P.1+:S. L. ’02-’04, 706-709, 
ait, 
Bulletin. D. 52, 54, 55: Exp. 1+: P. 1+:S. L. ’07+% 
Montana college of agriculture and mechanic arts. Bozeman. 
Bulletin. N. D. 89+. 
Science studies. N. D. 1: P. 1*. 
Montana (state) entomologist. Bozeman. 
Annual report. Exp. 1-9. 
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Montana. Health, State board of. 
Biennial report. P. 711, 712. 
Bulletin. P. 712+. 
Montana. Horticulture, State board of. Missoula. 
Biennial report. Exp. 1, 2, 4, 6:5. L. 700, 704, 706, 708. 
Montana (state) horticultural society. Missoula. 
Proceedings. Exp. 10, 12, 13. 
Montana. Sheep commissioners, Board of. 
Annual report. P. ’09-+. 
Montana university. Missoula. 


Bulletin biological series. P.15. 


Montevideo (Uruguay). See Museo nacional. 
Monthly abstract of medical science. Philadelphia. D. 1*, 2, 3*, 4*, 5*: N. 
Isl, is Be, 2h Oe 
C_ntinued in Medical news g. vv. 
Monthly evening sky map. New York. M. 4+. 
Monthly journal of medical science. Edinburgh, Scotland. D. 8-12, 14, 15. 
Monthly microscopical journal. London. R. P. 1-18||: W. 1-18]. 
Continued as Royal microscopical society, Journal, q. v. 
Montreal (Can.) horticultural society. 
Annual report. Exp. ’77-’83, ’85-’87. 
Morphologisches Jahrbuch. Leipzig, Germany. I. U. 1+. 
Motor. New York. Ft. W. 16, 18--: G. 19+. 
Muhlenbergia. Reno, Nev. N. D. 5+. 
Miinchener medicinische Wochenschrift. Munich, Germeny. I. U. 53+. 
Munich (Germany). See KO6niglich bayerische etc.; Ornitholegische Gesell- 
schaft. 
Municipal engineering. Indianapolis, Ind. G, 36+: N. D. 12, 14: P. 2+: 
R. P. 22-29, 33+. 
Continues Paving and municipal engineering q. v. 
Municipal journal and engineer: New York. Ft. W. 30, 32+: G. 34+: M. 
10+-: K. P. 28-++. 
Museo de la Plata. Buenos Aires, Argentine Republic. 
Anales. Ac. II. 1): 2. 
Revista. Ac. 11-17: N. D. 18+. 
Museo de la Plata. La Plata, Argentine Republic. 
Anales. Seccion paleontologica. Ac. 5. 


Seccion botanica. Ac. 1. 
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Museo nacional. Buenos Aires, Argentine Republic. 
Anales. Ac. III. 4+. 
Communicaciones. Ac. 1>-**% 
Museo nacional de historia natural. Mexico City, Mexico. 
Pansiaraleza.. Ac. 7&8: {f. 15-3. 5.6.5, 10 pre, 11 S110. FT 0. 2. > ND: 
III. 1:+. 
Museo nacional. Mexico City, Mexico. 
Anales. Ac. 4! ?. 
Museo nacional. Montevideo, Uruguay. 
Anales. Ac. 2, 3; Il. 1, 43: N. D. 7+. 
Museu Goeldi de historia natural et ethnographia. Para, Brazil. 
Boletin. Exp. 4-6: N. D. 6+: P. 4*, 5%. 
Museu nacional. Rio Janiecro, Brazil. 
Archives. Ac. 11-15. 
Museu paulista. Sao Paulo, Brazil. 
Revista. Ac. 4-8. 
Museum news. Brooklyn, N. Y. S. L. 3+. 
Muséum national d’histoire naturelle. Paris, France. 
Annals. N. H. 1. 
Archives. I. U. 5. 
Bulletin. Ac. 11+. 
Museum of foreign literature, art and science. Philadeiphia, Pa. N. H. 
19-20. 22-23, 39, 47-48, 56-57, 65: W. 2, 4-7, 12, 23-24. 
Museum of natural history. Springfield, Mass. 
Reports. Ac. 795, 796, ’08, 710-712. 
Mycologia. Lancaster, Pa. D. 1+: Exp. 1+:I1. U.14:S.N.14: W. 1-2. 
Mycologisches Centralblatt. Jena, Germany. Exp. 1+. 
Mysore. Agriculture, State department of. Bangalore. 
Bulletin. Exp. 1, 2. 
Entomolegical series. Exp. 1, 2. 
General series. Exp. 1, 2. 
Mycological series. Exp. 1. 
Report of the agricultural chemist. Exp. 2-7, 9. 
Naples (Italy). See Zoolegische Station. 
Napoli (Italy) Universita. Ortc botanico. 
Bullettino. N. D. 1+. 
Nashyille (Tenn.) journal of medicine and surgery. N. H. 9-11, 12*. 
Nassauischer Verein fiir Natiirkunde. Wiesbaden, Germany. 
Jahrbucher. Ac. 99+. 
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Natal (South Africa) agricultural journal. Maritzburg. Exp. 7-9, 11-13, 
14 ore 
Natal (South Africa). Agriculture, Department of. Maritzburg. 
Annual report. Exp. 702, ’04-’06. 
Natal (South Africa). Entomologist. 
Report. Exp. 1, 2, 5. 
National academy of sciences. Washington, D. C. 
Annual. P. ’63-’66. 
Biographical memoirs. I. U. 2, 3,5+: P.6: T. H. 2-5. 
Memoirs. I. U. 2+: N. D. 8*, 10*: N. H. 6, &: P. 14-: R. Plea 
2-10: S. N. 3, 10-++: W. 1+. 
Report. P. 63, ’82+: 8. N. ’83-’89, 791, 794, ’03, 707. 
National association of boards of pharmacy. 
Proceedings. N. D. ’11: P. 5+. 
National builder. Chicago, Ill. N. H. 44+. 
National conservation association. 
Bulletin. P. 3. 
National conservation commission. 
Bulletin. P. 4. 
National conservation congress. 
Addresses and proceedings. S. L. ’09-’11. 
National creamery buttermaker’s association. Elgin, IIl. 
Annual report. Exp. ’00, ’02. 
National dairy union. Chicago, Ill. 
Annual report. Exp. 794. 
National druggist. St. Louis, Mo. P. 18-22, 24, 26-31, 36+. 
National eclectic medical association. Rochester, N. Y. 
Transactions. S. L. ’70, ’71. 
National electric-light association. New York. 
Proceedings. P. ’85-’90, ’91, 793+. 
National engineer. Chicago, Ill. 8. L. 14*, 15+. 
National farmer and stockgrower. St. Louis, Mo. Exp. 21-26. 
National fertilizer associations. Middle west soil improvement committee. 
Chicago, Ill. 
Bulletin. Exp. 1-5. 
National fruit grower. St. Joseph, Mich. Exp. 10*, 14*. 
National geographic magazine. Washington, D. C. E. 15+: Ft. W. 18*, 
19+: G. 17+: 1. U. 8, 10-14, 16+: M. 20+: N. D. 18+: P. 18+:S. N. 
1+: T. H. 7+. 
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National hay and grain reporter. Chicago, Ill. Exp. 14*, 15+. 
National hay association. 
Annual report. Exp. 9-11. 
National grange of the patrons of husbandry. Tippecanoe City, O. 
Circulars. Exp. 1, 3-7. 
Journal of proceedings. Exp. ’07, ’09, 710. 
National irrigation congress. 
Proceedings. S. L. ’91+: S. N. 12. 
National live stock association. 
Annual report. Exp. ’98-+: P. 2, 5-6, 8+. 
National live stock journal. Chicago, Ill. Exp. 3*, 5, 6*, 7, 8*, 10-12: S. L. 
’71-’88. 
National museum. Melbourne, Australia. 
Memoirs. Ac. 1-3. 
National nurseryman. Rochester, N. Y. Exp. 15*, 16, 17*, 18, 19*, 20+. 
National nut growers’ association. St. Louis, Mo. 
Proceedings. Exp. 2, 3, 5, 6, 8. 
National poultry organization society. London, England. 
Quarterly journal. Exp. 4*, 5*, 6*, 7+. 
National stockman and farmer. Pittsburg, Pa. [Exp. 18-20, 32*, 33+. 
Naturae novitates. Berlin, Germany. N. D. 27*, 29*, 32*, 34+. 
Natural history society of Glasgow (Scotland). 
‘ransaetions: Acs o2) 4) 6192573, 82. 
Natural history society of New Brunswick. St. Johns, New Brunswick. 
Bulletin. Ac. 4°, 51) * 6-3: N. D. 6+. 
Natural science. London and New York. D.1: I]. U. 1-15|/:'S. N. 1-15]]. 
Naturalist. London, England. N. D. 796-98, ’00. 
Naturaliste canadien. Quebec, Canada. Ac. 246% 1°, 25-28, 291-3, 5-12. 30, 
SA Sak Ore Beat, OGL Tt Bh iaOe st Os 6-12 3OF 8. ND hs 9, 
10-13, 15-17, 20, 21, 23, 24, 26, 36+. 
Nature. London and New York. B. 13-46, 48+: D. 37+: Exp. 39, 40*, 41, 
86-+-: F. 50-58: I. U. 1+: N. D. 53-71: N. H. 1-50: P. 1+: R. P. 1+: 
S. N. 1+: T. H. 1+: W. 1+. 
Nature. Paris, France. R. P. 1+. 
Nature notes. London, England. N. D. 8. 
Nature study review. New York. F.6+:G. 1+: N. D. 5+: P. 4+:58. N. 
1+: W. I+. 
Naturen. Bergen, Norway. N. D. 37+. 
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Naturforschende Gesellschaft. Basel, Switzerland. 
Verhandlungen. Ac. 8%, 9!) #, 10!) 3, 11-19, 20*%, 21, 22. 
Naturforschende Gesellschaft. Bern, Switzerland. 
Mittheilungen. Ac. 1073, 1769. 
Naturforschende Gesellschaft. Luzern, Switzerland. 
Mittheilungen. I. U. 1, 2. 
Naturforschende Gesellschaft in Zurich (Switzerland). 
Vierteljahrschrift. Ac. 43'-4, 441. ?, 45+: N. D. 57+. 
Naturforschender Verein in Brunn (Austria). 
Verhandlungen. N. D. 47. 
Naturfreund. St. Petersburg, Russia. N. D. 712+. 
Naturhistorische Gesellschaft zu Hannover (Germany). 
Jahresbericht. Ac. 44-59. 
Naturwissenschaftlich medizinischer Verein in Innsbruck (Austria). 
Berichte. Ac. 14, 15, 17, 18, 27-33. 
Naturwissenschaftlicher Verein zu Bremen (Germany). 
Abhandlungen. Ac. 143, 152) %, 16-*, 171) 2, 181: 2, 19%, 20%» 2, 21+:.N. D. 
21+. 
Naturwissenschaftlicher Verein. Frankfort-on-the-Oder, Germany. 
Helios. N. D. 7138+. 
Naturwissenschaftlicher Verein in Hamburg (Germany). 
Abhandlungen. Ac. 19%, 
Verhandlungen. Ac. III. 10-18. 
Naturwissenschaftlicher Verein fiir Schwaben und Neuburg. Augsburg, 
Germany. 
Berichte. Ac. 33-40. 
Natyrkundig Ty¥dschrift. See Koninklyke natuurkundige Vereeniging in 
Nederlandsch-Indie. 
Nautilus. Boston, Mass. N. D. 15+. 
Nebraska. Agricultural experiment station. Lincoln. 
Annual report. Exp. 1+: N. D. 26+: R. P. 16, 19, 21, 23: S. L. ’91-++-*. 
Bulletin. D. 19, Exp. 1, 2, 445, 46*, 47-132, 134+: N. D. 123-130, 1385+: 
R. P. 38+: 8. L. ’91-+4*. 
Research bulletin. D. 1: Exp. 1: N. D. 1+: P. 3. 
Nebraska. Agriculture, State board of. Lincoln. 
Annual report. Exp. ’83-’91, ’93-’03, ’05-’10. 
Nebraska dairymen’s association. 
Annual report. Exp. 11, 15, 17-25. 


{| Contains Gregor Mendel’s original paper on plant hybrids. 


Nebraska farmer. Lincoln. Exp. 42*, 43*, 44*, 45+. 

Nebraska. Farmers’ institute convention. Lincoln. 
Annual report. Exp. 706, 709. 

Nebraska (state) horticultural society. Lincoln. 


Annual report. Exp. 85, 786, ’89-’93, 795, 797, ’00-++: F. ’72: P 


L. 789, 790, 92-798. 
Nebraska horticulture. Lincoln. Exp. 1*, 2*, 3+. 
Nebraska university. Lincoln. 
Studies. I. U. 3, 4: N. D. 8, 10, 11+: P. 1-4*: R. P. 2+. 
Neues Jahrbuch fiir Mineralogie, Geologie, und Palaeontologie. 
Germany. I. U. 9+. 
Beilage. I. U. 6-32. 
Neurologisches Centralblatt. Leipzig, Germany. I. U. 1+. 
Nevada. Agricultural experiment station. Reno. 
Annual report. Exp. 1+: P. 4, 5, 14, 16-+-. 
Bulletin. D. 28, 35: Exp. 1+: P. 1-11, 18+: 8S. L. ’08*, ’09*. 
Nevada. Health, State board of. 
Biennial report. P. ’03+. 
Nevada public service commission. Carson City. 
Report. N. D. 2+. 
Nevada railroad commission. Carson City. 
Report. N. D. 5+. 
Nevada university. Reno. 
studies. I: U. 1-F: P. 1+: 
New Albany (Ind). medical herald. P. 15, 16%. 
New England association of chemistry teachers. 
Annual report. Exp. 28. 
New England farmer. Boston. 38. L. 1-14. 
New England zoological club. Cambridge, Mass. 
Proceedings. Ac. 11-37, 59-64, 
New Hampshire. Agricultural experiment station. Durham. 
Annual report. Exp. 1-4, 6+: P. 2+. 
Bulletin. D. 23: Exp. 1+: N. D. 713+: P. 1+:S. L. 710+. 
Nature leaf study. Exp. 1-4. 
Scientific contributions. Exp. 1+: N. D. 5+: P. 1+. 
Technical bulletin. Exp. 1+: P. 2-6. 
New Hampshire (state) agricultural society. 
Transactions. Exp. 750-52, ’55-’58: S. L. 750-’52, ’57-’59. 
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New Hampshire. Agriculture, State board of. Concord. 
Annual report. Exp. 5, 7, 9-16: P. 2, 5-18, 21+. 
New Hampshire. Forestry commission. 
Report. P. ’85, ’99, 701-04, 709+. 
New Hampshire forests, Society for the protection of. 
Reporta IPa%G 8 
New Hampshire. Health, State board of. Concord. 
Annual report. P. 784, ’85, ’87-’06. 
Sanitary bulletins. Exp. 5* 
New Hampshire horticultural society. Durham. 
Annual report. Exp. ’07, ’08: P. ’07-+. 
New Jersey. Agricultural experiment station. New Brunswick. 
Annual report. Exp. 1-29, 31+: P. 1+. 
Bulletin. Exp. 2-244, 246+: P. 11, 14, 19, 20, 22-24, 26, 27, 29-36. 38-++: 
S. L. 798-’02*. 
Reports of the soil chemist and bacteriologist. Exp. 792, ’06-’09. 
Special bulletin. Exp. A-R, T: P. A, C, E, G, I-T. 
New Jersey. Agriculture, State board of. Trenton. 
Annual report. Exp. 6, 15. 
New Jersey. Forest Park reservation commission. 
Report. P. 1+. 
New Jersey. Geological survey. 
Annual report. E. 784-90, ’92-’09, ’11+: N. D. ’84-’90, 93+: N. H. 
122 Re RP: 769-771, 775, 77-782; “85-90 so. Ne 168-90. 
Bulletin. N. D. 3+: R. P. 24+. 
Final report of the state geologist. EE. 2-4: N. D.5, 7+. 
Water supply report. N. D. 94. 
New Jersey. Health, State board of. Trenton. 
Annual report. Exp. 22-35: P. 11, 20+. 
New Jersey (state) horticultural society. Riverton. 
Report. Exp. 12-14, 19, 32-36: P. 27-29. 
New Jersey (state) live stock commission. New Brunswick. 
Annual report. Exp. 1, 2. 
New London Mechanics’ register and magazine of science and the useful arts. 
London, England. N. H. 1, 2. 
New Mexico. Agricultural experiment station. Mesilla Park. 
Annual report. Exp. 1+: P. 1+. 
Bulletin. Exp. 1+: N. D. 3, 13, 29, 30, 44, 56, 59+-: P. 1+. 


315 


New Mexico university. Albuquerque. 
Bulletin. Biological series. Ac. 3! 1, 4. 
Catalogue series. Ac. 16-18, 20. 
Educational series. Ac. 1%: 4. 
Geological series. Ac. 3!. 
Language series. Ac. 1): ?. 
Physics series. P. 1*. 
New Orleans (La.). Sewerage and water board. 
Report. BP. 1b--. 
New phytologist. London, England. Exp. 10+: 1. U. 4-8, 10+. 
New preparations. Detroit, Mich. D. 1*, 3. 
Continued as Therapeutic gazette q. v. 
New remedies. New York. D. 5, 6*: P. 7-12||: R. P. 1, 2. 
Continued as American druggist and pharmaceutical record q. v. 
New South Wales agricultural gazette. N. D. 24+: P. 16+. 
New South Wales. Agriculture, Department of. Sydney. 
Bulletin. Exp. 1-4. 
Farmers bulletin. Exp. 46, 11-13, 15-17, 19, 20, 27-31, 33, 35, 36, 38-40, 
43, 45-47, 59, 62+. 
Science bulletin. Exp. 1-6, 8: N. D. 7. 
New South Wales. Agriculture and forests, Department of. Sydney. 
Annual report. Exp. 94, 795, ’98, ’00, 707. 
New South Wales. Botanic gardens and government domains. Sydney. 
Annual report. Exp. 07-711. 
New South Wales. Geological survey. 
Mineral resources. S. lL. 6+. 
New South Wales. Mines and agriculture, Department of. Sydney. 
Annual report. Exp. ’95. 
New York City. See American institute; Central Park managerie. 
New York (city) academy of medicine. 
Transactions. P. II. 3-10. 
New York (city) academy of sciences. New York. 
NDS ee Ce ae Als ag) 1 ts, 14-4 bs i 
Transaction semeACa 2 nds A sy Oe O= S59 eo LO seo dil eae 
New York (state). Agricultural experiment station. Geneva. 
Annual report. Exp. 1+: N. D. 1, 2,3: P. 1+. 
Bulletin. D.n. s. 86, 94, 100, 101, 119, 120, 122-125, 130, 131, 133, 186, 
138-140, 143, 144, 159, 161-164, 167, 170, 172: Exp. 1+: P. 14+. 
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Meteorological observatory. Exp. ’71-’80, 789, 790, ’92*, °93*, *95*, “*97*, 
204557055) 06.20, 08m, 095.210, Mia 

Technical bulletin. Exp. 1+: P. 1+. 

New York (state). Agricultural experiment station (Cornell). Ithaca. 

Annual report. Exp. 1-10, 12+: P. 1-5, 7-15, 16+. 

Continued in Medical news q. v. 

Bulletin. D. 142, 148, 155, 157, 163, 164, 168, 170, 172, 176, 180, 185-187, 
190, 192, 193, 207, 208, 219. 227, 233, 234, 239, 240, 249-251 254, 255: 
Exp.1-318, 321, 323, 326-++-: N. D. 94, 227: P. 1+. 

Cornell rural school. Exp. 1*, 2+. 

Memoirs. P. 1+. 

New York (state) agricultural society. Albany. 

Transactions. D. 9, 27: Exp. 8-13, 15-34, 43-46, 51-52: P. 10, 14, 25-27, 
29, 30, 32-34, 57-59. 

New York (state). Agriculture, Department of. Albany. 

Annual report of the commissioner. Exp. 2*, 3-10, 15-19: N. D. 711: 
1 Ber Gh ills ey be. 

Bulletin. Exp. 1, 2, 6, 9, 12, 14, 18, 21-29: P. 8, 9, 12-14, 16-18, 20-27, 
29-35, 37-39, 41, 45+. 

New York (state). Bargecanal. See New York (state). Consulting engineers, 
Advisory board of. 
New York (city) botanical garden. New York. 

Bulletin. Ac. 7+: Exp. 1+: N. D. 21. 

Contributions. P. 90, 95. 

Journals: (ix, da 2*s ccs bao 

Memoirs. I. U. 4. 

New York (state) college of agriculture. Ithaca. 

Bulletin. N. D. 2, 12, 29, 37, 41, 42, 226, 229, 307. 

New York (state). Consulting engineers, Advisory board of. 

Bulletin. R. P. 1+. 

Report on barge canal. P.1,3+:R. P. 707. 

New York (state). Dairy commission. Albany. 
Annual report. Exp. 4, 6-8: P. 7, 9. 
New York (state) dairymen’s association. 

Annual report. Exp. 6, 9, 11, 13, 30-34. 

New York eclectic medical and surgical journal. New York. D. 5*, 6, 7, 8% 
New York (state) engineer and surveyor. 
Annual report. P. ’00-’04: R. P. 703, ’05-++. 
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New York (city) entomological society. New York. 
Journal. Alc. 81) 24, 94 102 

New York (state) entomologist. 

Report. Exp. 1, 2, 4-26: P. 1-2, 4-13, 15-26. 

New York (state) farmers. New York. 

Proceedings. Exp. 782-713: 8. L. 793+. 

New York (state) farmers’ institute. Albany. 

Annual report. Exp. 00, 701, 07-710: P. 01, ’03-’05, ’07-+-. 

New York (state). Forest commission. Albany. 

Annual report. Exp. 794. 

New York. Forest, fish, and game commission. Albany. 
Annual report. Exp. ’98, ’07-’10: N. H. 1-6: P. ’02-’06. 
leywillenate, 12, 25 635 Ss 

New York. Forest preserve board. 

Annual report. WN. H. 4. 

New York (state) fruit growers’ association. 
Annual report. Exp. 4-6, 8-10, 12+. 

New York (state). Geological survey. 
Annual report. P.4-6,9: R. P. ’83. 

New York (city). Health department. Research laboratory. 
Annual. P. ’02+. 

Collected studies. I. U. 1+. 
New York (state). Health, Board of. 
Annual report. P. ’80-’05, ’07+: R. P. 790. 
Monthly bulletin. P.’07+. 
New York (city) mathematical society. New York. 
Bulletin. D. 1-3]|: I. U. 1-3||: P. 1-3]]. 
Continued as American mathematical society q. v. 
New York medical journal. New York. D. 12, 18, 14*, 15*, 16*, 17, 18*, 
19-25: I. U. 78: P. 51-63, 74, 79-86*: T. H. 41-54, 67-70, 90+. 

New York (city) microscopical society. New York. 

Journal. Ac. 1! ae 21, Vie Oy 92, 335 4r-4 5s) Oeamcr vee 2, ae 

New York state museum. Albany, N. Y. 

Annual report. Exp. ’94, ’95*, 96, ’97*, ’98: I. U. 22, 23, 39, 41, 45-62: 
P. 20, 27-28, 41-43, 49*+: R. P. 18, 15-31. 
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Bulletin. D. 38, 47, 54, 67. 68, 70, 75, 86, 94, 105, 116, 429, 450: Exp. 5, 
13, 20, 23, 26, 27, 31, 36, 37, 46, 47, 53, 59, 64, 72, 74, 76, 79, 86, 97, 103; 
104, 109, 110, 124, 129, 134, 136, 141, 147, 155, 156: I. U. 44, 69, 80, 85: 
N. D. 158, 450, 470, 492, 493, 495, 496, 514+: P. 40, 49-62, 64+. 
Memoirs. N. D. 14*. 
New York produce review and American creamery. New York. Exp. 23%, 
29*, 30*, 31*, 34--. 
New York (state). Public service commission—First district. New York 
City. 
Report. P.’07-+: R. P. 708+. 
New York (state). Public service commission—Second district. Albany. 
Report. N. D.6-+: P. ’07-++. 
New York railroad club. 
Proceedings. P. ’88+*: R. P. 11, 12. 
New York (state) science teachers’ association. 
Proceedings. S. N. 07+. 
New York state reservation commission of Niagara. Albany, N. Y. 
Report. N. D. 1-14, 17, 20+. 
New York tribune farmer. New York. Exp. 9%, 10*, 11*, 12+. 
New York (state) veterinary college. Ithaca. 
Abstracts of work done in laboratory. P. 1+. 
Report. Exp. ’08-’11. 
New York (state). Weather bureau. 
Annual report. R. P. ’93-’96. 
New York (state). Water supply commission. 
Annual report. P. 4+. 
Contract drawings and specifications. R. P.1+. 
New Zealand. Agriculture, Department of. Wellington. 
Annual report. Exp. 2-4,7+: P. 13+. 
Bulletin. Exp. n. s. 1-6, 8, 9, 11-15, 17, 20, 21, 23+. 
Journal. Exp. 1+. 
New Zealand. Biology, Division of. Wellington. 
Bulletin. Exp. 13, 14, 20, 22, 23. 
New Zealand. Biology and horticulture, Division of. 
Annual report. Exp. 12-17: P. ’02-’09. 
Bulletin. Exp. 3-19. 
Technical papers. Exp. 1. 
New Zealand. Biology and pomology, Division of. 
Annual report. Exp. 4, 5, 8, 10. 


New Zealand. Chemistry, Division of. 
Annual report. Exp. 03, ’05, ’07, ’09. 
Bulletin. Exp. 1, 2. 
New Zealand. Dairying, Division of. 
Annual report. Exp. ’94, 795, ’04, ’05. 
Bulletin. Exp. 7-14. 
New Zealand. Live stock and meat, Division of. 
Annual report. Exp. 710. 
New Zealand. Poultry, Division of. 
Annual report. Exp. 706. 
New Zealand. Veterinary science, Division of. 
Bulletin. Exp. 8, 12, 13, 15. 
New Zealand dairyman farmers’ union. Wellington. 
Journal. Exp. 13*. 
New Zealand experimental station. Wellington. 
Annual report. Exp. 705, ’08, ’09. 
Niles national register. Washington, D.C. N.H. Y. 4-11. 
Norske videnskabers selskab. See Kongelige norske, etc. 
North American notes and queries. Quebec, Canada. Ac. 1! ?. 
North Carolina. Agricultural experiment station. West Raleigh. 
Annual report. Exp. 2+: P. 2-6,7,9-+: R. P. 16-19, 23, 26-29. 
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Bulletin. D. 93, 94, 99, 100, 103, 105, 108, 138, 141, 144, 145, 174: Exp. 


57+: P. 57+: R. P. 23-31, 93-194. 
Meteorological reports. Exp. 5-9: P. 4, 7-8. 


Special bulletins. Exp. 2, 6, 7, 9, 11, 12-15, 17, 19-22, 25-27, 29, 32, 35, 37, 


38, 42-46, 51+. 
Technical bulletins. Exp. 1-7: P. 2-7. 
North Carolina. Agriculture, State board of. Raleigh. 


Bulletin.= xp. 21*, 22) 23% 24*) 25*. 26%, 27*, 28*, (297) 30-32, 3a*, 34-7: 


P. 23+. 

North Carolina. Crop pest commission. Raleigh. 
Circular. Exp. 10, 11, 18, 19, 22, 28, 25, 26. 

North Carolina farmers’ institute. Raleigh. 
Annual report. Exp. 705-707, ’09, ’11, 712. 

North Carolina. Geological and natural history survey. 
Report. N. D. ’67. 

North Carolina. Health, State board of. Raleigh. 
Bulletin. Exp. 2*, 3*, 4*, 16*. 
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North Carolina student farmer. West Raleigh. Exp. 1%, 2*. 
North Dakota. Agricultural experiment station. Fargo. 
Annual report. Exp. 1+: P. 1-9, 11++. 
Biennial report. Exp. 7+. 
Bulletin. D. 52: Exp. 1+: N. D. 87-89, 91, 94+: P. 1+. 
Reports Dickinson sub-experiment station. Exp. 1+. 
Reports Williston sub-experiment station. Exp. 1+. 
North Dakota. Agriculture and labor, Commissioner of. Bismarck. 
Biennial report. Exp. 5,7: P. 10+. 
North Dakota magazine. P. 2*, 4*. 
North Daketa better farming association. 
Bulletin. Exp. 10, 12. 
North Dakota (state) dairymen’s association. 
Annual report. Exp. 1, 16. 
North Dakota. Geological survey. 
Biennial report. JI. U. 4+: P. 2+. 
North Dakota (state) live stock association. 
Annual report. Exp. 1-3. 
North Dakota schoo! of forestry. 
Bulletin. P. 1. 
North Dakota. Stallion registration board. 
Bulletin. P. 3-++. 
North Dakota university. Fargo. 
Quarterly journal. N. D. 1, 2*, 3+: P. 1. 
Nor:h Jersey society for the promotion of agriculture. 
Proceedings. Exp. 711, 712. 
Northwest fruit growers’ association. 
Proceedings. Exp. 7, 8. 
Northwest horticulturist. Seattle, Wash. Exp. 20%, 21*, 22, 23, 24*, 25+. 
Northwestern agriculturist. Minneapolis, Minn. Exp. 23*, 24*. 
Northwestern dairyman. St. Paul, Minn. Exp. 1*, 2, 3% 
Nouvelles annales de mathématiques. Paris, France. I. U. 9+. 
Nova Scotia farmers’ association. 
Proceedings. Exp. 14, 15. 
Nova Scotian institute of natural science. Halifax. 
Proceedings and transactions. Ac. 7-11, 12'-°, 13'-2 
Nuova notarisia. Modena, Italy. N D. 24+. 


Nuoys giornale botanico italiano. Florence, Italy. N. D. ’12+. 
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Nut grower. Waycross, Ga. Exp. 1*, 2*, 3*, 4*, 5*, 7-11, 12*--. 
Nyt magazin for natur widenskaberne. Christiana, Norway. N. D. 49+. 
Nyt Tidskrift fiir Mathematik. Copenhagen, Denmark. I. U. 21+. 
Oberlin (O.) college. 
Laboratory bulletin. Exp. 1-6, 8-10: P. 3, 11-15. 
Wilson bulletin. Ac. 14+: Exp. 4-12, 14-29: P. 14+. 
Observatory. London, England. D. 8+: I. U. 7, 11-14, 23+: W. 16, 19, 21, 22. 
Observer. Portland, Conn. N. D. 2%, 3, 4*-8*. 
Continued as Popular science news q. v. 
Obstetric gazette. Cincinnati, O. D. 1*, 2*, 3, 4*, 5, 6, 7*, 8, 9: P. 10-12*. 
Obstetrical journal of Great Britain and Ireland with an American supplement. 
Philadelphia, Pa. D. 5*, 6*: N. W. 1-7. 
Ohio (state) academy of science. Columbus. 
Annual report. Ac. ’00-’06: I. U. 5. 
Proceedings. N. D. 5% 
Special papers. Ac. 3-13. 
Ohio (state) agricultural college. Columbus. 
Agricultural extension bulletins. Exp. 1*, 2*: N. D. 1*, 2*+. 
University bulletm. Exp: 6*, 8*, 15*, 17*: N. D. 8*-+. 
Ohio agricultural station. Columbus 
Bulletin. S. L. ’97*-+. 
Ohio. Agricultural experiment station. Wooster. 
Annual report. Exp. 1+: P. 1+. 
Bulletin. D. II. 3, 5-7, 12, 19-22, 25, 28-47, 49, 51-60, 62-70, 72-74, 76-88, 
90, 91, 93-109, 111-122, 124-148, 150-155, 157-215, 218-224, 2 
240-248, 250+: Exp. 1-40, 42-238, 240-248, 250-252, 256+: P. 1+. 
Technical series. Exp. 1*: P. 1. 
Ohio. Agriculture, State board ot. 
Annual report. D. 33: Exp. II. 6, 9, 12-52, 54, 57, 59-61: P. 5, 6, 18, 21-29, 
31, 33-36, 55, 56, 58-63. 
Official bulletin. P. 1-3. 
Ohio cultivator. Columbus. S. L. 1, 2, 6, 10, 11. 
Ohio. Dairy and food commissioner. Springfield. 
Annual report. Exp. 10, 18. 
Ohio (state) dairymen’s association. 
Annual report. Exp. 7, 13. 
Ohio engineering societv. 
Proceedings. P. 4-10, 12-13, 15-22, 25-28. 
21—1019 
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Ohio farmer. Cleveland. Exp. 123, 124*, 125, 126*, 127+: S. L. 37-112. 
Ohio. Farmers’ institutes. Columbus. 
Annual report. Exp. 6, 17: P. 7-17. 
Ohio (state) forestry bureau. 
Report:, 2,13, seal U.. 3, 42 P.4. 
Ohio. Geological survey. 
Bulletin. P. IV. 1+: R. P. 14+. 
Report. D: 1-4, 6, 7: E..1-3, 7: N. D..2: Bi. P. "69; 270, 713-7 oreeae 
1-4, 6. 
Report. (Third organization.) E. 1: I. U. 1-6. 9-13, 16+. 

Ohio. Health, State board of. Columbus. 

Annual report. Exp. 22: P. ’86-’88, ’91-’94, 796, ’99+. 

Ohio. Highway department. 

Annual report. P. ’00-10. 

Ohio (state) horticultural society. Columbus. 

Report. Exp. 23, 24, 29,-32-34:S. I... 790, 791, ’94-’96. 

Ohio mechanics’ institute. Cincinnati. 

Quarterly journal. P. 1-5. 
Ohio medical journal. Columbus, O. D. 1*. 
Continued as Columbus medical journal g. v. 

Ohio medical recorder. Columbus, O. D. 1*, 2*, 3*, 4*, 5. 

Ohio naturalist. Columbus, O. Exp. 1+: N. D. 14+. 

Ohio (state) railroad and public utilities commission. Columbus. 
Report. N. D. *12+ 

Ohio society of surveyors and civil engineers. 

Annual report. R. P. ’94. 
Ohio (state) topographic survey. 
Report. P. 703; 

Oil, paint and drug reporter. New York. Exp. 644+. 

Oklahoma academy of science. Norman. 
Proceedings. Ac. 709, 710. 

Oklahoma. Agricultural experiment station. Stillwater. 
Annual report. Exp. 1+: P. 3, 6, 8+:S. L. ’00-’06*. 
Bulletin. Exp. 1-98, 100+: P. 1+: S. L. ’99-’09*. 

Oklahoma. Agriculture, State board of. Guthrie. 

Biennial report. Exp. 1: P. 1, 2. 

Oklahoma. Agriculture, Territorial board ot. Guthrie. 

Biennial report. Exp. 1, 2: P. 2. 
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Oklahoma (state) dairymen’s association. 
Annual report. Exn. 1, 3, 4. 
Oklahoma farm journal. Oklahoma City. Exp. 18, 19*, 20+. 
Oklahoma (state). Geological survey. 
Bulletin. i. U7, 82 BR. 1-3; 5-—- 
Circular. P. 1+. 
Oklahoma university. 
Research bulletins. N. D. 1+: P. 1+. 
Ontario. See also Canada horticultural societies; Poultry association of Ontario; 
Vegetable growers’ associaticn. 
Ontario agricultural and experimental union. Toronto. 
Annual report. Exp. 19+: P. 8-10, 19+: 8. L. 04+. 
Ontario agricultural college and experimental farm. Toronto. 
Annual report. Exp. 5-13, 16-22, 24+: P. 7, 8, 10, 12, 14, 18-26, 28-++: 
S. L. 704--. 
Bulletin. Exp. 6, 9, 11-13, 15-17, 19-21, 23-32, 36-41, 43, 48-75, 77, 80-88, 
90-95, 97-105. 107-140, 142-169, 171, 172, 174-184, 186-209, 211+. 
Ontario agricultural societies and associations of fairs and exhibitions. Toron- 
to. 
Annual report. Exp. ’02, ’06, 08+: P. 08+. 
Ontario. Agriculture, Department of. Toronto. 
Annual report. Exp. *88-’93, ’94*, 7$5-’04, 708, ’09. 
Bulletin. S. L. ’96+%. 
Report of f:uit branch. P. ’08+. 
Ontario bee keepers’ association. ‘Toronto. 
Annual report. Exp. ’00, 702-08, *11+: P. ’08-’10. 
Ontario butter and cheese association. Toronto. 
Annual report. Exp. 797-799. 
Ontario corn growers’ association. ‘Torento. 
Annual report. Exp. 1-++: P. 1+. 
Ontario dairymen’s association. Toronto. 
Annual report. Exp. ’92, ’94, ’96, 01+: P. 92+. 
Ontario entomological society. Toronto. 
Annual report. Exp. 17, 27, 28, 30+: P. 9, 12, 20,. 22=24, 27-32, 3f--- 
Ontariec. Farmers’ institutes, Superintendent of. 
epoct.. xp. Sl-pob. 794-4-. 
Ontario. Fruit experiment station. 
Annual report. Exp. 6--: P. 1+. 
Report of fruit branch. Exp. 1+: P. 1+. 
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Ontario fruit growers’ association. Torento. 
Annual report. Exp. 32-40, 42-++: P. 14+. 
Ontario. Horticultural societies. 
Annual report. P. 1+. 
Ontario hydro-electric power commission. Toronto. 
Report. N- De 1--: 
Ontario. Industries, Bureau of. Toronto. 
Annual report. Exp. 791+. 
Bulletin. Exp. 24, 30. 31, 36-41, 43-45, 47-51, 53-69, 71-87, 89-93, 95, 
96. 98, 100+: P. 43, 47, 48, 50-52, 54-79, 87+. 
Ontario land surveyor’s association. 
Proceedings. P. 6-26. 
Ontario live stock association. Toronto. 
Report. Exp. 795, 796, 98+: P. 795, 700+. 
Ontario municipal and railway board. Toronto. 
Report. N. D. 4+. 
Ontario natural science bulletin. N. D. 4. 
Ontario registrar of live stock. ‘Toronto. 
Report. Exp. ’01-’04. 
Ontario sheep-breeders’ and swine-breeders’ association. Toronto. 
Report. Exp. 791-’94: P. ’90-’94. 
Ontario. Special investigation on horse-breeding. Torento. 
‘Report. Exp. 706. 
Ontario vegetable growers’ association. 
Annual report. P. 1+. 
Ontario veterinary college. Toronto. 
Report. Exp. 709-11. 
Operative miller. Chicago, Ill. Exp. 16*, 17*: P. 9-16. 
Orange Judd farmer. Chicago, Ill. Exp. 47-49, 50*, 51, 52*, 58+: S. L. 2-43. 
Orange Judd northwest farmstead. Minneapolis, Minn. Exp. 36*. 
Orange River Colony. Agriculture, Department of. Bloemfontein. 
Annual report. Exp. 1, 3, 4. 
Bulletin. Exp. 8, 17, 19, 20, 23. 
Oregon (state) agricultural college. Salem: Corvallis. 
Bulletin. Exp. 67. 
Extension bulletin. Exp. 1, 2, 7. 
Report. Exp. ’06-’08: S. L. ’76-’95. 
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Oregon. Agricultural experiment station. Corvallis. 
Annual report. Exp. ’89-’92, ’96. 
Bulletin. Exp. 1+: P. 2+: 8. L. 709-710. 
Oregon agriculturist. Portland. Exp. 18*, 19%. 
Oregon (state) conservation commission. Salem. 
Report. N. D: 712-++: P. ’09--. 
Oregon. Dairy and food commission. 
Biennial report. P. ’08-’10. 
Oregon. Desert land board. 
Report. P. 5: 
Oregon. (State) engincer. 
Report. N. D. 2--: P. 2-4. 
Oregen (state) horticultural society. Portland. 
Annual report. Exp. 24, 25. 
Oregon. Horticulture, State board of. Salem; Portland. 
Biennial report. Exp. 2, 3, 5-11: S. L. ’98, 702, 704, ’06. 
Oregon (state) medical society. 
Proceedings. S. L. ’77-’79, ’81, ’83-’85, 791. 
Oregon. Stallion registration board. 
Annual report. P. 1+. 
Oregon (state) university. Eugene. 
Bulleting 2s ne so3t) N. D: 3%, 47, 107. 
Ornithologische Gesellschaft in Bayern. Munich, Germany. Ac. 5+. 
Ornithologischer Verein. Munich, Germany. 
Jahresbericht. §S. L. 701, ’02. 
Ornithologisches Jahrbuch. Halle, Austria. Ac. 9, 12, 13, 15, 17, 19, 21+. 
Osterreichische botanische Zeitschrift. Vienna, Austria. N. D. 63+. 
Ottawa (Canada) naturalist. Ac. 1-15*: N. D. 25+. 
Oxford, Cambridge and Dublin messenger of mathematics. Cambridge, 
England. D. 1-5||: I. U. 1-5]. 
Continued as Messenger of mathematics gq. v. 
Pacific dairy review. San Francisco, Cal. Exp. 12*, 13, 14%, 15*, 16*, 17+ 
Pacific pharmacist. San Francisco, Cal. N. D. 2*-6*. 
Pacific rural press. San Francisco, Cal. Exp. 74*, 75*, 76*, 77-80, 81*, 82+ 
Page’s weekly. J.ondon, England. P. 1+. 
Paginas illustradas. San Jose, Costa Rica. Ac. 2, 3, 11, 12, 14, 15, 18, 30, 
34-37, 47, 50-53. 
Palermo (Italy). See Circolo matematico. 
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Para (Brazil). See Museu Goeldi. 
Paris. See Académie des sciences; Ecole polytechnique; Muséum national &e. 
Park and cemetery and landscape gardening. Chicago, Ill. Exp. 15*, 16, 
Ti AOS 20 ale eae 
Pavia (Italy) universita. Instituto botanico. N. D. ’08+. 
Peabody academy of science. Salem, Mass. 
Annual report. S. L. 772. 
Peabody museum of American archaeology and ethnology. See Harvard 
university. 
Peninsula horticultural society. Dover, Del. 
Transactions. Exp. ’88-’94, ’96, ’97, ’99-’06: P. ’88, ’91-’94, ’96, ’$7, 02, 
703, ’07-+-. 
Pennsylvania. Agricultural experiment station. State College. 
Annual report. Exp. ’86+: P. ’86-’90, ’92+-. 
Bulletin. D. 17, 20: Exp. o. s. 1-16; n.s.1+: P.n.s. 2+. 
Pennsylvania (state) agricultural society. 
Report of transactions. Exp. 1: S. L. 7, 9. 
Pennsylvania. Agriculture, Department of. 
Annual report. Exp. 1, 2, 4*, 5, 6, 7*, 8-17: P. 2, 3*, 4*, 5-+-. 
Bimonthly bulletin. Exp. 1*, 2. 
Bulletin. Exp. 3, 6, 8, 10, 11, 17, 19, 21-24, 27-32, 34-38, 40, 41, 43-49, 51, 
52, 54-69, 71-77, 79-81, 83, 84, 86-100, 102-107, 109-162, 164-167, 169, 171, 
172, 174-210, 212+: P. 14, 16, 20, 21, 26, 36, 39, 52-69, 71-101, 103, 106, 
107, 109+. 
Monthly bulletin. Exp. 1*, 2*, 3*, 4*, 5-7, 8*, 9+. 
Zoological bulletin. P. 5. 
Zoological quarterly. Exp. 1*, 2*, 3*. 
Pennsylvania. Agriculture, State board of. 
Annual report. Exp. 2-11, 15-18, 32, 34+: P. 7, 11-16. 
Pennsylvania. Dairy and food division. 
Bulletin... P. 1*, 2%, 3--. 
Annual report. Exp. 705. 
Pennsylvania dairy union. State College. 
Annual report. Exp. 8, 11. 
Pennsylvania. Factory inspector. 
Annual report. Exp. 710, 711. 
Pennsylvania farmer. Philadelphia. Exp. 31*, 32+. 


Pennsylvania. Fisheries, Department of. 
Annual report. Exp. ’08-’11. 
Bulletin. Exp. 8. 
Pennsylvania forestry association. 
Annual report. Exp. ’01, 702, ’05-’11. 
Pennsylvania (state) forestry department. 
Report. P. ’01, ’02, ’05-’09. 
Pennsylvania. Game commissioner. 
Annual report. Exp. ’09, 711. 
Bulletin. Exp. 1, 2. 
Pennsylvania. Geological survey. 
Report. P.1-3: R. P. 774-786. 
Pennsylvania. Health, State board of. Harrisburg. 
Annual report. Exp. 4: P. ’86-’01. 
Bulletin. Exp. 14-31, 34, 36-39. 
Pennsylvania. Health, Commissioner of. 
Annual report. P. ’05-’09. 
Pennsylvania (state) hospital for the insane. Pathological laboratory. Nor- 
ristown. 
Annual report. Exp. 10. 
Pennsylvania (state) live stock breeders’ association. 
Proceedings. Exp. 6, 7, 12. 
Pennsylvania. Live stock sanitary board. 
Circular. Exp. 12: P. 12, 16, 18. 
Pennsylvania. Mines, Department of. 
Annual report. Exp. ’09-’11. 
Pennsylvania. Pharmaceutical examination board. 
Annual report. Exp. 28, 24: N. D. 23. 
Pennsylvania. Public charities, Board of. 
Annual report. Exp. ’09-’11. 
Pennsylvania state college. School of engineering. 
Engmeer.. P.2*, 37: 
Pennsylvania. Topographic and geologic survey commission. 
Preliminary report. Exp. 5. 
Report. Exp. ’08-’10. 
Pennsylvania university. Botanical laboratory. Philadelphia. 
Contributions. I. U. 4+: N. D. 2+. 


Pennsylvania university. Zoological laboratory. Philadelphia. 
Contributions aOR Os MiSs lick lin 

Pennsylvania. Water supply commission. 
Report. P. 08, ’09. 

Periodico cientifico del museo nacional de historia natural y de la sociedad 
Mexicana de historia natural. See Sociedad Mexicana de historia 
natural. 

Peru. Cuerpole de ingeniaros de minas. Lima. : 

Boletin. S. L. 1-21, 25-54, 56-59, 62-74, 76-++. 

Pharmaceutical era. Detroit, Mich. N. D. 28*-43*, 45*: P. 1-8, 13-21, 23, 
Zone 

Pharmaceutical journal and transactions. London, England. P. 41-45. 

Pharmaceutical record. New York. P. 5-10, 12-15)|. 

Merged with American druggist q. v. 
Philadelphia (Pa.). See Academy of natural sciences; Geographical society. 
Philadelphia (Pa.). Health, Bureau of. 
Annual report. P. ’96-’08. 

Philadelphia (Pa.) medical journal. P. 8. 

Philadelphia (Pa.) museums. 

Annual report. N. D. ’04, ’05, ’07. 708, 710: P. ’04, ’05, ’07, 708, 710, 711. 
Phi:ippine agricultural review. Manila. Exp. 1*, 2*, 4*, 5*, 6+: N. D. 1+: 
P.1+. 
Philippine Islands. Agriculture, Bureau of. 
Bulletin. Exp. 22, 23. 

Philippine Islands. Ethnological survey. 
Publications. P. 1*, 4*. 

Philippine Islands. Forestry, Bureau of. Manila. 
Annual report. Exp. ’02, ’04. 
Bulletin. Exp. 1. 

Philippine Islands. Laboratories, Bureau of government. Manila. 
Bulletin. S. N. 1-3, 8, 15, 17-28, 30-36. 

Philippine Islands. Science, Bureau of. Manila. 
Annual report. Exp. 4,5: N. D. 1+. 
Bulletin. Exp. 1, 2, 4-6, 8, 13-20. 
Mineral resources. Exp. 707-711. 

Philippine journal of science. Manila. Exp. 1, 2, 3*, 4+: N. D., 00: P. (all 
ser.) 3+. 

Supplements. Exp. 1-5. 
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Phillips academy. Archaeology, Department of. Andover, Mass. 
Bulletin. N.D. 1+. 
Philosophical magazine and journal of science. London, England. I. U. IV. 
1-50; V. 1-50; VI. 1-8, 10+-: N. D. 709: N. H. I. 34, 39, 41-43%: P. 
V. 25+: R. P. V. 1-4, 14+: W. VI. 5+. 
Photo-beacon. New York. Ft. W. 19: N. D. 7, 8, 9%, 10*, 12*, 13-19. 
Continues in American amateur photographer q. v. 
Photo era. Boston, Mass. Ft. W. 28+: G. 29--. R. P. 6-8, 24+: T. H. 17+. 
Photographic bulletin, Anthony’s. New York. R. P. ’00*. 
Photographic times. New York. L. P. 39*,40*: R. P. 17-42*. 
Photo-miniature. New York. G. 81+:I1. U.1+:R. P. 1-3, 10+: T. H. 1+. 
Phrenological journal and science of health. New York. N. D. 50, 5i, 54-57: 
N. H. 50-68. 
Physical review. New York. D. 1+: E. 24+: I. U. 14+: N. D. ’09+: P. 
1+:R. P.1+:S. N. 8-13: W. 19+. 
Physical society of London. 
Proceedings. I. U. 1+: P. 19+. 
Physikalische Zeitschrift. Leipzig, Germany. N. D. ’09+: R. P. 64. 
Physiologie vegetale. Geneva, Switzerland. Exp. 1-5. 
Physio-medical journal. Indianapolis, Ind. M. 1. 
Phytopathology. Ithaca, N. Y. D. 1+: 1. U. 1+: W. 1+. 
Plant world. New York, Tucson, Ariz. Ac. 6!8, 72, 84, 131: Exp. 18, 14, 15%; 
16+: 1. U. 8+: P. 11+: W. 8-12. 
Plén (Germany) biologische Station. Forschungsberichte. Stuttgart. I. 
U. 1+. 
Plough-boy. Albany, N. Y. 8. L. 1-4. 
Plumbers’ trade journal. New York. Ft. W. 62+. 
Polytechnic engineer. Brooklyn, N. Y. P. 10, 12. 
Pomological and fruit growing society of the province of Quebec. 
Annual report. Exp. ’09. 
Pomona college journal of entomology. Claremont, Cal. Exp. 1*, 2*, 3%, 
4*: N. D. 1+. 
Continues as Journal of entomology and zoology. 
Pontificia accademia roma dei nuovi Lincei. Rome, Italy. See Accademia 
pontificia dei nuovi Lincei. 
Popular astronomy. Northfield, Minn. B. 11-14, 16, 17*+-: D. 11, 12*, 20+: 
alt 10-2). Us ts No Dia 
Popular electricity. Chicago, Ill. E.4: Ft. W. 2+: G. 3%, 4*, 5+. 
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Popular mechanics. Chicago, Ill. F. 15+: Ft. W. 14+: G. 12+: L. P. 9+: 
M. 11+: N. H. 15+: S. L. 15+: T. H. 11+. 
Popular science index. M. 1-8. 
Popular science monthly. New York. B.1+: D. 1+: E. 1-12, 15-19, 24-29, 
31, 32, 34, 36, 37, 40, 41, 43-65, 67-++: F. 1-55, 63-++: Ft. W. 1, 2, 46+: 
G. 74-4: 1. U. 1-+-: L. P. 1-+: M. 1--: N. D. 1-62, 6544: N. BH ese 
1+: R. P.1+:S8. L.14+:8. N. 1+: T. H. 1+: W. 1+. 
Supplement. N. D. 1-18. 
Popular science news. New York. W. 21-24. 
Popular science review. London, England. R. P. 1-13: 8. L. 1-20)|. 
Portefeuille 6conomique des machines de l’outillage et du matérial. Paris, 
France. R. P. 12. 
Portland society of natural history. Portland, Me. 
Proceedings. Ac. 24: 5 §9, 
Porto Rico. Agricultural experiment station. Mayaguez. 
Annual report. D. 706-08, 710+-: Exp. 701, 04+: R. P. ’06, 07: S. L. 
’06-’08, 710-’11. 
Bulletin. D. 1, 2, 5-8, 10+: Exp. 1, 2, 4+: P. 1+: R. P. 1-8: S. L. 1-8, 
10: S. N. 702+. 
Porto Rico sugar planters and producers’ association. Rio Piedras. 
Annual report. Exp. 2. 
Bulletin. Exp. 3. 
Portugal. Commissio dos trabalhos geologicos. Lisbon. 
Communicacoes. Ac. 1-5, 6°. 
Post graduate. New York. P. 19-21*. 
Postelsia. See under Minnesota university. 
Poultry association of Ontario. Toronto 
Report. Exp. 794, ’01. 
Poultry digest. New York. Exp. 3*, 4, 5*, 6%. 
Poultry fancier. Chicago, Ill. Exp. 14*, 15*, 16%. 
Poultry world. Hartford, Conn. Exp. 1-10. 
Power. New York. Ft. W. 27+: G. 30+: N. D. 20+: P. 13, 20+: R. P. 
14+-: T. H. 24. 
Power boating. Cleveland, O. Ft. W. 10+. 
Practical dairyman. Rutherford, N. J. Exp. 2*, 3. 
Practical druggist and pharmaceutical review of reviews. New York. P. 29. 
Practical engineer. Chicago, Ill. Ft. W. 13+: N. H. 18+: R. P. 13-16. 
Practical farmer. Philadelphia, Pa. Exp. 96*, 97*, 98, 99, 100*, 101-104, 
105*, 106+. 
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Prairie farmer. Chicago, Ill. Exp. 79*, 80*, 83*, 84+. 
Praktische Chemie. Leipzig, Germany. Exp. 37-40. 
Prince Edward Island. Agriculture, Department of. 
Annual report. Exp. 705, ’10: P. 704. 
Prince Edward Island dairy association. 
Annual report. Exp. 711. 
Prince Edward Island. Forestry commissioners. 
Report. P. 704. 
Prince Edward Island fruit growers’ association. 
Annual report. Exp. ’02-’04, ’06+. 
Princeton (N. J.) university. 
Contributions to philosophy. P. 1*. 
Contributions to psychology. P. 1*, 2% 
Producer and consumer. See Farm sense. 
Progressive farmer and home builder. Phoenix, Ariz. Exp. 1*, 2*, 3+. 
Progressive farmer and southern farm gazette. Memphis, Tenn. Exp. 24*, 
25*, 26*, 27+. 
Progressive medicine. Philadelphia, Pa. I. U. 9+. 
Psyche. Cambridge, Mass. Ac. 4*, 5*, 6*, 7*:S. N. 2-4. 
Psychological bulletin. New York; Lancaster, Pa. E. 1+: 1. U. 1+: N. D. 
2+:P.5+:8. N.1+:W. 14. 
Psychological clinic. Philadelphia, Pa. G.1+:I1. U. 1+: P.1+:8. N. 1+: 
Wea. 
Psychological index. New York. N.D.5-7,9-+. 
Psychological monographs. New York. I. U.14+:8.N. 1+. 
Psychological seview. New York; Baltimore, Md. D. 1+: N. D. 6, 8, 12+: 
P. 15+: 8. N. 1+: W. 5+. 
Psychologische Arbeiten. Leipzig, Germany. I. U. 1+. 
Psychologische Studien. Leipzig, Germany. I. U.1+. 
Psychotherapy. New York. I. U.1-+. 
Public service journal. See Stone and Webster public service journal. 
Purdue agriculturist. Lafayette, Ind. Exp. 4+: P. 1+. 
Purdue engineering review. Lafayette, Ind. P. 1+. 
Purdue university. Lafayette, Ind. 
Leaflets on nature study. Exp. ’98: P. 1-24||. 
Purdue university. Agricultural extension, Department of. 
Annual report. P. 1+. 
Bulletins. P. 2-13, 17-+. 
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Pure products. New York. Exp. 1*, 2+: P. 4+. 
Quarterly journal and review. Cincinnati, O. N.H. 1. 
Quarterly journal of medical science. Dublin, Ireland. D. 6-8, 16-26. 
Quarterly journal of microscopical science. London, England. B. 22-25: D. 
n. S. 34-36, 38: I. U. n. s. 32-45: R. P. 0. s. 1-8; n.s. 1-14. 
The old series was called Journal of microscopical science. 
Quarterly journal of pure and applied mathematics. London, England. D. 
1-25: I. U. 1-41, 48+: R. P. 1+: W. 28. 
Quebec. See Dairymen’s associavion of the province of Quebec; Pomological 
and fruit growing society of the province of Quebec. 
Quebec. Agricultural experiment station, Department of. 
Annual report. Exp. 791. 
Quebec. Agriculture, Minister of. 
Annual report. Exp. ‘09. 
Quebec. Lands and forests, Department of. 
Report. P. ’08, ’09. 
Queensland (Australia). Agriculture, Department of. Brisbane. 
Agricultural journal. Exp. 1*, 2*, 3, 6*, 7*. 
Annual report. Exp. ’89-’94. 
Botany bulletin. Exp. 8, 9, 11, 12. 
Bulletin. Exp. I. 1-17, 20-25; II. 1-4. 
Queensland museum. Brisbane, Australia. 
Annals. Ac. 6-9: N. D. 10+. 
Memoirs. N. D. 1+. 
Quekett microscopical club. London, England. 
Journal. R. P. 1-5. 
Radium. Paris, France. I. U.1-+. 
Railroad and engineering journal. New York. R. P. 61-68. 
Continued as American engineer and railroad journal q. v. 
Railroad car journal. New York. P.7*, 8-11. 
Vol. 11 has title Railroad digest. 
Railroad digest. See Railroad car journal. 
Railroad gazette. New York. Ft. W. 34*, 35, 36, 37*, 38, 40, 44||: P. 5-44). 


Combined with Railway age (q. v.) and continued as Railway age gazette q. v. 

Railway age. Chicago, Ill. Ft. W. 40-45\|: P. 22-45||. 
Combined with Railroad gazette and continued as Railway age gazette gq. v. 

Railway age gazette. New York; Chicago, II], Ft. W. 48, 50+: G. 46+: P, 
45+: R. P. 17+: T. H. 50+. 


Continues Railroad gazette q. 2. 
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Railway and engineering review. Chicago. Ill. N. D. 38-46: P. 33+. 
Railway and locomotive engineering. New York. Ft. W. 22+: G. 25+: P. 
14+: R. P. 14-16%. 
Continues Locomotive engineering g. v. 
Railway machinery. . New York. P.n.s. 1*, 4-5, 6*, 7+. 
Railway master mechanic. Chicago, Ill. P. 17*-22*, 23+. 
Railway signal association. Bethlehem, Pa. 
Journal. P. 11+. 
Proceedings. P.1+. 
Real academia de ciencias naturales y artes. Barcelona, Spain. 
Bolletain, ANG, ICS pe Sail Bee 
Memorias. Ac. 3, 41> 2) 6-40, 51-27, 61-33, 71-17, 1-21. 1 J Ql. F124 | 
Real academia de ciencias exactas, fisicas y naturales. Madrid, Spain. 
Annario. Ac. ’89, ’08, 711-13. 
Memorias. Ac. 12, 131-3, 14, 151-3, 18!, 20, 212, 22-25, 26): 2. 
IRvenatsnigis Nos WH Bae ey Bie pe ne (ia 
Reale accademia dei Lincei. Rome, Italy. 
Atti. Rendiconti delle sedute solenni. Ac. 701+. 


Reale accademia dei Lincei. Rome, Italy. Classe di scienze fisiche, mate- 


matiche e naturali. 
Atti. Rendiconti. Ac. 9-22: I. U. V. 20+. 
See also Accademia pontificia dei nuovi Lincei. 

Note.—‘The Accademia dei Lincei, celebrated in the 17th century, was revived in 1801, but again 
expired in 1840. It was renewed, under the auspices of Pope Pius IX. in 1847 as Accademia 
pontificia dei nuovi Lincei, and up to 1870 had issued 23 vols. of Atti. Then the academy 
changed its name to Reale Accademia dei Lincei, but a portion continued to act under the 
former title. Each body continued the series of Atti. In 1875 the Reale Accademia enlarged 
its scope, and formed two classes, one for physical and mathematical sciences, the other for 
moral and historical sciences. It has published five series of Atti.’’ Bulletin No.8 of the Free 
Library of Philadelphia. 


Reale orto botanico e Giardino. Palermo, Italy. 
Bolletino. N. D. 11+. 
Records of the past. Washington, D.C. N. H. 5-7, 8%. 
Registered pharmacist and drug clerk’s journal. Chicago, Ill. P. 10, 11*. 
Reliable poultry journal. Quincy, Hl. Exp. 3*, 4, 9-11, 12*, 13, 14*, 15-17, 
19-+-: Ft. W. 14, 16+. 
Rennes (France) université. 
Travaux scientifiques. I. U. 1+. 
Repertorium novarum specierum. Berlin, Germany. N. D.1+. 
Beihefte. N.D.1+. 
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Retrospect of practical medicine and surgery. New York. See Braithwaite’s 
retrospect. 

Review of medicine and pharmacy. Detroit, Mich. D. 10, 11*. 

Revista de agricultura tropical. Mexico City. Exp. 1*, 2*. 

Revista industrial y agricola de Tucuman. Argentine Republic. Exp. 1%, 
Die eae 

Revista montserratina. Barcelona, Spain. N. D. 4*, 5+. 

Revue bretonne de botanique pure and appliquee. Rennes, France. N. D. 
(are 

Revue de horticulture Belge et etrangere. Ghent, Belgium. N. D. 713+. 

Revue de |’ingénieur et index technique. Brussels, Belgium. G. 1-19. 

Revue de mathématiques spéciales. Paris, France. I. U. 20+. 

Revue de mécanique. Paris, France. P. 16+. 

Revue des questions scientifiques. Louvain; Paris, France. N. D. I. 1-10, 
15-28: DE 1525/3, 425-00, 12%, 135 Was, 54, 16, 17, 18-20 ee elie 
12*, 13+. 

Revue générale dulait. Lierre, France. Exp. 8+. 

Revue internationale der gesammte hydrobiologie und hydrographie. I. U. 


1+. 

Revue philosophique de la France et de l’étranger. Paris, France. I. U. 
1-42, 49+. 

Revue semestrielle des publications mathématiques. Amsterdam, Holland. 
LU. ts, 


Rhode Island. Agricultural experiment station. Kingston. 
Annual report. D. 12, 13: Exp. 1+:5S. L. ’03, 704, ’07, 709. 
Bulletin. Exp. 1+:8. L. ’02-’09*. 

Rhode Island. Agriculture, State board of. 
Annual report. Exp. 14-17, 21. 
Bulletin. Exp. 1, 2, 7, 9-13. 
Farmers’ institute report. Exp. 711. 

Rhode Island. Birds, Commissioner of. 
Annual report. P. 711. 

Rhode Island. Conservation commission. 
Bulletin. P. 1+. 

Rhode Island. Inland fisheries, Commissioners of. 
Report. P. 41. 

Rhode Island. Metropolitan park commissioners. 
Report. P. 5, 6. 
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Rhode Island. Public roads, State board of. 
Annual report. P. 3+. 
Rhode Island. Public utilities commission. Providence. 
Report. N. D. 712+. 
Rhode Island. Shell fisheries, Commissioners of. 
Annual report. P. 791, ’92, ’94, 795, ’99, ’00, ’05-++. 
Rhodora. Boston, Mass. N. D. 11+. 
Rider and driver. New York. Exp. 41*, 42, 43*, 44, 45*, 46+. 
Rio de Janeiro (Brazil). See Museu nacional. 
Rochester (N. Y.) academy of science. 
Proceedings: Ac. 1!, 2-4, 31-3, 4:1. U. 1+. 
Rochester (England) naturalist. N.D. 101+. 
Rose technic. Terre Haute, Ind. R. P. 1+. 
Rothamsted experiment station. Herts, England. 
Annual report. Ixp. 708-712. 
Memoirs on agricultural chemistry and physiology. Exp. 1-6. 
Memoranda of origin and results of field and other experiments. Exp. ’88- 
90, °93, ’95-’01. 
Memoranda of Rothamsted experiments. Exp. 796-705. 
Royal agricultural society of England. London. 
Journal. Exp. IJ. 12-15, 25; II]. 2-11. 
Royal Asiatic society of Great Britain and Ireland. London. 
JOUR ANC ANeat p22 Does 2A Dy 26 30 ,rol le Uist 
Royal astronomical society. London, England. 
Memoirs. I. U. 41, 47-49, 53-57, 59+. 
Monthly notices. I. U. 1-69. 
Royal botanic gardens. Edinburgh, Scotland. 
Notes. Exp. 708-12. 
Royal botanic gardens. Kew, England. 
Bulletin of miscellaneous information. Exp. ’00*-’10*: N. D. ’09+. 
Royal botanic society of London (England). 
Quarterly record. Ac. 3-10*% 
Royal geographical society of London. 
Geographical journal. D. 42:8. N.1+:T.H.1+. 
Proceedings and monthly record of geography. S. N. 12-14. 
Royal geological society of Cornwall. Penzance, England. 
Transactions. Ac. 137-8. 
Royal horticultural society of London (England). 
Journal. Exp. 26+. 
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Royal institute of Great Britain. 
Proceedings. N. H. 9*, 12%. 
Royal Irish academy. Dublin, Ireland. 
Proceedings. N. D. 31. 
Roya! Irish society. 
Proceedings. I. U. II. sci. 1. 
Royal Jersey agricultural and horticultural society. St. Helier, Island of 
Jersey. 
Annual report. Exp. 96. 
Royal microscopical society. London, England. 
Journal. D. ’89, ’91-’95: 1. U. ’88-’93: P. ’82+-: R. P. I. 1-11. 1: W. 92-703. 
Royal philosophical society of Glasgow (Scotland). 
Proceedings. Ac. 29+. 
Royal physical society of Edinburgh (Scotland). 
Proceedings. Ac. sessions 115-120, 122-124, 128. 
Royal sanitary institute. London, England. 
Journal. P. 29+. 
Royal society of Canada. Montreal. 
Transactions. I. U. I. ’82-’94: II. ’95-’06; III. 1+: P. II. 8*, 9*; III. 1. 
Royal society of Edinburgh (Scotland). 
Proceedings. Ac. 21+: R. P. 11-27. 
Transachions. wl. Uins5- sk. Ps =. 
Royal society of London (England). 
Philosophical transactions. I. U. 1-18; II. 90+: P. 158+: R. P. 1+: 
S. L. 1-131, 133-180. 
Proceedings. I. U. ser. A. 1+;ser B.14+:R.P.7+:58. L. ser A. 53, 79-83; 
ser B. 79-82: W. 72-75; ser A. 76-84; ser B. 76-81. 
Royal society of New South Wales. Sidney, Australia. 
Journal. Ac. 19-45: 1. U. 20-21. 
Royal society of Queensland. Brisbane, Australia. 
Proceedings. Ac. 13-22. 
Rudder. New York. Ft. W. 17, 18*, 19+. 
Rugby school natural history society. Rugby, England. 
Report. N. D. 712+. 
Rural affairs. Albany, N. Y. Exp. 1-9: P. 1-5. 
Rural life. Rochester, N. Y. Exp. 28, 29, 30*. 
Rural New Yorker. New York. Exp. ’75*, ’80*, ’81*, ’84, ’86*, °87-90, 
"91*, °92*, 793%, °96*, 797%, °98*, “07%, *08%, OS, 304 -a aaa 
S. L. 764-707. 
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St. Louis (Mo.) academy of science. 
Transactions. Ac. 4% 4, 5-4, 61-18, 71-20 gi-10 Qi-9 gil pyr yQr-10 
GPS BS Desa) TIE yo es Spas A IG eal Oh pd Bee Of, 1 
AAS Ba Ee ING IDR 5 O45 IDB INE Ial 2S 1a heen 7 he 
St. Louis (Mo.) railway club. 
Proceedings. P. 1+. 
St. Petersburg (Russia). See Academie imperiale des sciences; Comité geo- 


logique; Jardin imperiale botanique. 
Sanitary engineer. New York. P. 2*, 3-16||. 
Continued as Engineer.ng record, building record and sanitary engineer g. v. 
Sao Paulo (Brazil). Agricultura, commercio e obras publicas, Secretaria da. 
Brokering 10.408 Os se 741han esteqeieoaly Celestion 7 EE (he ete ie, Th lees 
Sao Paulo (Brazil). See Museu paulista; Sociedad scientifica. 
Sao Paulo (Brazil). Instituto agronomico em Campinas. 
Annuario. Exp. ’90, ’92-’95. 
Boletin. Exp. 9*, 10. 
Sarawak museum. Sarawak, Borneo. 
Journal. Ac. 1’, 2: N. D. 1+. 
Report. Ac. 710, ’11: N. D. 9+. 
Saskatchewan. Agriculture, Department of. Regina. 
Annual report. Exp. 710. 
School arts book. Worcester, Mass. P. 11+: S. N. 4-8, 10+. 
School of mines quarterly. New York. I. U. 12+. 
School of science and mathematics. Chicago, Ill. E.9+: F. 13+: I. U. 3+: 
N. D. 1, 8, 18+: P.14+:58.N.1+4. 
Schweizerische botanische Gesellschaft. Bern, Switzerland, 
Berichte. Ac. 14+. 
Schweizerische naturforschende Gesellschaft. Basel, Switzerland. 
Verhandlungen. Ac. 75, 77, 79-81, 83, 84, 87-89, 91, 93, 941: *. 
Also called Société helvetique des sciences naturelles g. v. 
Science. New York. D. o.s. 1-22; n.s. 1+: E. o. s. 8,9; n. s. 8, 9, 13+: 
Exp. 15-++: F. 31++: Ft. W. 25+: I. U. 0. s. 225; n. s. 1-34: N. D. 19+: 
Ne Hons. 30*, 347: P: o. s. 1-28; n. s: 1-f: R. PR. o- s. 1-232 nm. gs. 1-; 
S. N. 1-19; n. s. 1+: S. L. 18-++: W. 5-24; n. s. 7-13, 19-22. 
Science abstracts. London, England. 
Physical and electrical engineering. P. 1-5||: R. P. 4-5\|: I. U. 1-5)|. 
Section A, physics. N. D. 710+: P. 6+: R. P. 6+: I. U. 6+: W. 10+. 
Section B, electrical engineering. P.6+: R. P.6+: I. U. 6+. 
22—1019 
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Science magazine. M. 31-34. 
Science news. Salem, Mass. P. 1. 
Science record (Beach). New York. R. P. 774. 
Scientific American. New York. D. 1-25, 50+: E. 6-8, 11-14, 16-21, 23-26, 
30, 31, 36-74, 98-100, 105+: F. 70-93, 96+: Ft. W. 86, 90-98, 100+: 
G. 82+: I. U. 35, 44, 45, 49-67, 69, 72-75, 77, 86, 87, 89, 90+: L. P. 
o. s. 11; n. s. 1-8, 11, 15, 17-19, 23, 26-35, 77-+-: M. 30+: N. D. 0. s. 
14; n. s. 4-9, 26, 28, 29, 39, 40*, 41-54, 55*-61, 62, 63*-70*, 80*, 81*, 
83*, 88*, 90*, 91*, 94*-98*, 99, 100*, 101+: N. H. n. s. 1-41, 50-51, 
100+: P. 34-43, 76+: R. P. 0. s. 1-14; n.s. 1+: S. L. 14-15, 18, 30-37, 
57-66, 68-83, 86-106: S. N. 86+: T. H. 82+: W. 1-31, 41-45, 48+. 
Scientific American. Building edition. New York. Ft. W. 37-39||: L. P. 27*, 
28*, 29*: M. 17-39||: R. P. 25-39]. 
Continued as American homes and gardens gq. v. 
Scientific American. Supplement. New York. D. 1+: I. 65, 66, 68-70, 
72+: F. 59-62, 71+: Ft. W. 57, 59-62, 64-++: G. 67-++: I. U. 1-382, 34, 
54, 57-++: L. P. 1,2, 444: M..1,.2, 564+: N. D.l..33 U1. 2*, 47s 
12*-14*, 23*-257, 28*, 29%, 34*, 42*)-45, 49*-52* 53, 547-58" oo Gui 
61, 62*-65*, 66+: N. H. 8-10, 13-24: P. 1-4, 9-24, 29+: R. P. 138-20, 
A9+-: S. L. 16, 19-21, 28, 25, 35, 36, 41+: S. N. 31+: T. H. 1+: W. 
15-23, 35-54, 56, 58+. 
Scientific tracts. Boston, Mass. N.H.n.s. 1, 2, 4. 
Scotland agricultural college. Glasgow. 
Annual report. Exp. 1, 2, 4-6. 
Scotland. Fishery board. 
Annual report. 8S. L. 707+. 
Scotland. Highland agricultural society. Edinburgh. 
Transactions. Exp. IV. 8-11. 
Scottish geographical magazine. Edinburgh, Scotland. JT. U. 25+: 8.N.1-+. 
Seismological society of Japan. Tokyo. 
Transactions. R. P. 1-20. 
Selbourne magazine and nature notes. London, England. N. D. 23+. 
Semillas recolectados durante el ano. jardin botanico. Valencia, Spain. 
N. D. 711+. 
Seminarium. Leipzig, Germany. N.D. 1+. 
Sibley journal of engineering. Ithaca, N. Y. P.11, 19+. 
Siderial messenger. Northfield, Minn. D. 5-10\|: W. 1-10|/: I. U. 10]: S. L. 
ls 2 


Continued as Astronomy and astro-physies. 
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Signal engineer. Chicago, Ill. P.1+. 
Silliman’s journal. See American journal of science. 
Skandinavisches Archiv fiir Physiologie. Leipzig, Germany. I. U. 1+. 
Sketch book of nature and outdoor life. Manchester, N. H. N.D.1, 2*||. 
Smithsonian institution. Washington, D. C. 
Annual report. D. 753-96, ’98-’00, 02-04, ’07-’09: E. ’71-’03, ’07++-: Exp. 
”82-’84, 87-95, ’97*, 99, ’00: F. 54, 56-60, 62-77, 79+: G. ’96, 701, 
708+: I. U. 4-6, 8-54, 56+: L. P. 47, 538+: N. D. ’84+: P. 753, ’54’ 
756--: BR. P.1--: S. Lb. ’46-+: S. N.’55, 759, 61, 63, ’65,.°77, 78, 781-1. 
Contributions to knowledge. D. 1+: I. U. 13-26, 28, 30+: L. P. 23-26, 
28, 30-32: N. D. 2, 3, 5, 6-18, 20-24, 26, 30-++: P. 6, 10, 20-32, 34+: 
Re Po i-f: S. Ll. 1-35: §. N, 2-18, 15-25, 28--: 
Miscellaneous collections. D. 1-30, 32-38, 40-42, 43, 46-57*: I. U. 1, 13-++: 
ieee l=6:69-=21p2d-285) a0 -cosr oa ab skola sao cao aa NED ow leeaeG— ile 
14-33, 36+: P. 1-2, 4, 5, 8, 9, 11-27, 29, 32-41, 444+: R. P.1+:5.N. 
32+: T. H. 16, 18, 20, 22, 23, 25, 27, 40, 42-54, 56+. 
Smithsonian institution. United States national museum. Washington, D.C. 
Annual report. B. 704: F. ’00-’04: I. U. ’84+: L. P. ’81+: N. H. 754+: 
P. 84+: R. P. 785+: S. L. 785+: S. N. ’84-798, 707+: T. H. 786+. 
Bulletin. D. 29, 33-38, 39*, 40-46, 47*, 48-49, 50*, 51, 52, 53*, 54, 55, 56%, 
57, 58, 60-69, 71-77, 79, 81: Exp. 3, 6, 11, 13, 21, 23, 26, 39*, 40-46, 47%, 
50, 51, 53-60, 62-71, 73-++: I. U. 1-88, 40-54, 56-58, 60, 70+: L. P. 39*-+: 
N. H. 9, 10, 12, 40-43, 45, 48: P. 1-16, 20, 21, 24, 26, 33-38, 40-48, 50-++: 
R. P. 1-16, 39-48: 8. L. 1+: 8. N. 1-48, 50+. 
Proceedings. D. 10-22, 24-28, 32, 34-40: Exp. 2, 3, 8, 9, 14-33, 36, 37, 39, 
A2+-: F. 14-16, 18-29: I. U. 1+: L. P. 14+: N. D. 14+: N. H. 14-19: 
Pale: RP. a38--: S. lu. 1-28: N. 1-6: TE. 2, 4,6; 9; 13-33, 35--. 
Smithsonian institution. See also United States. Astrophysical observatory; 
United States. Ethnology, Bureau of American; United States. Na- 
tional herbarium. 
Sociedad broteriana. Coimbra, Portugal. 
Boletino. N. D. 25+. 
Sociedad cientifica ’’ Antonio Alzate.’’ Mexico City, Mexico. 
Memorias y revista. Ac. 99 1°,-105-!2, 11, 12, 131-19, 147-, 15, 16-18, 19°22, 
205-1, 21-28, 29, 30'6+: N. D. 32+. 
Sociedad cientifica Argentina. Buenos Aires, Argentine Republic. 
Anales. Ac. 45°: 6, 46+: N. D. 75+. 
Sociedad de geografia y estadistica de la Reptiblica Mexicana. Mexico City. 
Boletin. Ac. 1-12, 2-5: N. D. 6+. 
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Sociedad Mexicana de historia natural. Mexico. 
Naturaleza. Ac. 7-18; IT. 1=4 -5. 6. 9, 10 Qi0-st Br 10- 1.) -- eee 
III. 1+. 
Sociedad quimica Argentina. Buenos Aires, Argentine Republic. 
Anales. Ac. 1’. 
Sociedad scientifica de S40 Paulo (Brazil). 
Revista. Ac. 1-4, 2'-8 51-8 6+. 
Societa africana d’Italia. Naples, Italy. 
Bulletin. Ac. 13-31%. 
Societa botanica italiana. Florence, Italy. 
Bollettino. N. D.’09+. 
Societa di naturalisti in Napoli (Italy). 
Bollettino. N. D. 24+. 
Societa entomologica italiana. Florence, Italy. 
Bullettino. Ac. 34-43. 
Societa italiana di scienze naturali e del museo civico distorianaturale. Milan, 
Italy. 
Atti. Ac. 40-46, 473: 4, 481. 2. 4, 491-4. 5901-4 511-24, 
Societas royale de botanique de Belgique. 
Bulletino. N. D. ’09-+. 
Société belge de geologie de paléontologie et d’hydrologie. Brussels, Bel- 
gium. 
Proces verbaux. Ac. 10-26%. 
Société botanique de France. Paris. 
Bulletin. Exp. 35-37. 
Société botanique de Geneva (Switzerland). 
Bulletin. Ac. 8-9. 
Société chimique de France. Paris. 
Bulletin. Exp: III. 1*, 2*, 3*, 4,.5, 6*, 7-36; FV. 1, 2*, 34-- 8: b; W225 
Société des Americanistes de Paris (France). 
Journal. N.H. 5. 
Société des sciences naturalles de l’Ouest de la France. Nantes. 
Bulletin. Ac. 7-10; II. 1-3, 43. 4, 5-9, 10-3; ITI. 1, 22+. 
Société entomologique de Belgique. Brussels, Belgium. 
Compte rendu. Ac. 54-67. 
Société entomologique de France. Paris. 
Bulletin des séances. Ac. ’97+*. 
Société frangaise de physique. Paris, France. 
Bulletin des séances. N. D. ’79-’81, ’86-’89*, ’92, ’93, ’95. 
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Société géologique de Belgique. Liége, Belgium. 
Anales. Ac. 25'-3, 262-4, 271-4, 28-3, 29+. 
Memoires. Ac. ’04-712. 
Société géologique de France. Paris. 
Bulletin. I. U. III. 23-28; IV. 1+:S. L. ITI. 1. 
Société helvétique des sciences naturelles. Geneva, Switzerland. 
vores, Vee Rs as AIP ie ds 
Compte rendu. Ac. ’99-’07. 
Also called Schweizerische naturforschende Gesellschaft q. v. 
Société hollandaise des sciences. La Hague, Holland. 
Arehives. Ac. 30* 5; II. 1!» 4: 5, 2-4, 6, 73-3, 81 2 5, 9-15; TIT. A. 1-2; ITT. 
Bea 
Société impériale des naturalistes de Moscou (Russia). 
Bulletin. Ac. 61-62; n. s. 1-10, 11! 2, 132) 3, 14, 15, 16%: 4, 17, 187-4, 19+. 
Memoires. Ac. 15°, 163) 4, 17)» 2. 
Beilage. Ac. 87. 
Société internationale des électriciens. Paris, France. 
Bulletin. P.5+. 
Société mathématique de France. Paris. 
Bulletin. D. 1-20: 1. U. 1+. 
Société rambertia. 
Rapport annuel et presidentiel. N. D. 10-13. 
Société royale de botanique de Belgique. Brussels, Belgium. 
Bulletin. Ac. 36-45, 451-3, 461: 2. 4, 5, 471-4: N. D. 46+. 
Société royale linnéenne de Bruxelles (Belgium). 
Bulletin. Ac. 14-16*, 19-31%. 
Société royal malacologique de Belgique. Brussels, Belgium. 
Annales. Ac. 41-46. 
Bulletin des seances. Ac. ’00-’01. 
Proces-verbaux des seances. Ac. 11-24*, 26-28*. 
Société scientifique de Bruxelles (Belgium). 
Annales. N. D. 7-15, 22*, 24-26, 28*, 30+. 
Society for experimental biology and medicine. New York City. N. D. 1+. 
Society for horticultural science. Washington, D. C. 
Proceedings. Exp. ’03-’10. 
Society for psychical research. London, England. 
Proceedings. I. U.1+:8. N. 1+: W. 1-6. 
Society for the promotion of agricultural science. 
Proceedings. Exp. 4, 5,9, 11, 14, 17-19: P. 1-28: S. L. ’96, ’98, 799. 
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Society for the promotion of engineering education. London, England. 
Bulletin. P.1+. 
Proceedings. P.1+:R. P. I+. 
Society of American foresters. 
Proceedings. P.1+%*. 
Society of chemical industry. London, England. 
Journal. Exp. 27-—: 1. U. 22-45: N. Di 24*, 252°P. 1--: R. RP. 23-5: Weald: 
Society of naval architects and marine engineers. New York. 
‘Transactions: (2. Wiis Re Po 1-15: 
Society of telegraph engineers. London, England. 
Journals ee l= eA. 


Continued after Journal 17 as Institution of electrical engineers q. v. 
Sound waves. P. 7-12, 13*, 14-15. 
Merged with American te!ephone. 
South Africa. Central locust bureau. Cape Town. 
Report. Exp. 1-4. 
Seuth Africa. Entomologist, Government. Cape Town. 
Report. Exp. 795, ’98, 700. 
South Africa union. AgricuJtural journal. Pretoria, Transvaal. N.D. 712, 
1S; 
South African philosophical society. Cape Town. 
Transactions. Ac. 9%, 10?) 3, 11)‘, 12, 15'-4, 161-4. 
South Australia. Agriculture, Department of. Adelaide. 
Bulletin. Exp. 1-7, 9-21, 23-28, 31-63, 69, 71*-74*. 
Journal. Exp. 10*, 11*, 15*, 16+. 
Report. Exp. ’05-’07, ’09-’11. 
South Carolina agricultural college. Clemson College. 
Extension work. Exp. 1*. 
South Carolina. Agricultural experiment station. Clemson College. 
Annual report. Exp. 1, 2, 4,5, 7+: P. 2,5, 7, 10+. 
Bulletin. Exp. 1-153, 155+: P. 0. s. 1-8; n. s. 1-49, 52+. 
South Carolina college. Columbia. Experimental farm. 
Report. Exp. ’83-’86. 
South Carolina. Live stock association. 
Annual report. Exp. 4-10. 
South Dakota. Agricultural experiment station. Brookings. 
Annual report. Exp. 1-11, 13, 14, 16+: P. 1-5, 7-9, 15+. 
Bulletin. D. 87, 92, 93, 114, 115, 125, 126: Exp. 1+: P. 1+: R. P. 22-131: 
S. L. 704-710. 


South Dakota. Agriculture, State board of. 
Annual report. Exp. ’09, 710. 

South Daketa dairy association. 
Annual report. Exp. 7. 

South Dakota. Engineer. 
Report. P. 1+. 

South Daketa. Food and drug commissioner. 
Annual report. P. 10-12. 

South Dakota. Geological survey. 
Biennial report. S. N. 1, 2. 
Bulletin. P. 4. 


South Dakota. Improved live stock and poultry breeders’ association. 


Annual! report. Exp. ’06-’08, 710. 


South Dakota (state) school of music. Geology, Department of. 


Bulletin. P. 6, 9. 
Southern and southwestern railway club. Atlanta, Ga. 
Proceedings. P. 5*, 6, 7%, 8. 
Southern California academy of science. Los Angeles. 
Bulletins Acs 12:2. 
Southern orchard andfarm. Houston, Tex. Exp. 6*, 7*, 8+. 
Southern planter. Richmond, Va. Exp. 70+. 
Southern ruralist. Atlanta, Ga. Exp. 16*, 18*, 19*, 20+. 
Southern states association of commissioners of agriculture. 
Proceedings. P. 11, 12. 
Southern woodlands. See Georgia forest association. 
Southwest trail. Chicago, Ill. Exp. 29*, 30*, 31, 32*, 33*. 
Spokesman review. Spokane, Wash. Exp. 30*, 31+. 
Springfield (Mass). See Museum of natural history. 
Stahl und Eisen. Dusseldorf, Germany. P. 25+. 
Standard guide. Chicago, Ill. Exp. 4. 
Statesman’s yearbook. London, England. R. P. ’73, ’76. 


Stockholm (Sweden). See Kongliga svenska vetenskaps-akademien. 
Stone and Webster public service journal. Boston, Mass. P. 1-6. 


Strawberry. Three Rivers, Mich. Exp. 2*. 

Street railway journal. New York. Ft. W. 29-31||: P. 7-31]. 
Continued as Electric railway journal q. v. 

Street railway review. Chicago, Ill. P. 4-16|]. 
Continued as Electric railway review gq. v. 


Student farmer. Madison, Wis. Exp. 3*, 4*. 
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Successful farming. Des Moines, Ia. Exp. 8*. 
Successtul poultry journal. Chicago, Ill. Exp. 3*, 4, 5*, 6, 7*, 8, 9*, 10*, 
11-15, 16*, 17*, 18--. 
Sugar beet. Philadelphia, Pa. Exp. 12*, 15; 16, 17*, 18-21, 22%; 23%) 247. 
25* 5-26", 2h 
Quarterly. Exp. 27-32. 
Svenska vetenskaps-akademien. See Kongliga svenska, etc. 
Sveriges geologiska Undersokning. Stockholm, Sweden. 
Afhandlingar och uppsatser. Ac. ser. C. 92-111, 113-134, 195, 196, 201- 
2052 Ser Cas 45 D5 - 
Arsbok. Ac. ’07-’09. 
Ofversiktskartor. Ac. ser. Ba. 6, 7. 
Tacoma academy of sciences. Tacoma, Wash. 
Proceedings. Ac. 793. 
Technic. See under Michigan university. 
Technical literature. New York. See Engineering digest. 
Technical world magazine. New York. Ft. W. 11+:G.13+:8. N.1+. 
Technische Auskunst: Monatsheft des internationalen Institutes fiir Tech- 
nobibliographie. Berlin, Germany. R. P. ’09+. 
Technograph. See under Illinois university. 
Technology architectural record. Boston. Mass. Ft. W. 6+. 
Technology quarterly and proceedings of the Society of arts. Boston, Mass. 
P. 18-21. 
Technology review. Boston, Mass. I. U. 1+: P.1+:R. P. 1+. 
Telegraph and telephone age. New York. S. L. 711. 
Telephony, the American telephone journal. Chicago, Il]. P. 1-4, 17, 18, 59+. 
Tennessee. Agricultural experiment station. Knoxville. 
Annual report. Exp. 1+: 5S. L. 700, ’01, ’03: P. 1+. 
Bulletin. Exp. 1+:8. L. ’96-’08*: P. 1+. 
Special bulletin. Exp. B-E. 
Tennessee. Agricultural statistics and mines, Commissioner of. 
Annual report. Exp. 84. 
Tennessee. Entomology, State board of. Knoxville. 
Annual report. Exp. 1, 3-6: N. D. 7+. 
Bulletin. Exp. 1, 3-5: N. D. 7+. 
Tennessee. Geological survey. 
Biennial report. N.H. 1: P. ’69. 
Resources of Tennessee. P. 1+. 
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Tennessee. Health, State board of. Nashville. Exp. 3*, 4*, 5*, 6*, 7*, 9*. 
Tennessee university. Knoxville. 
Record. Exp. 7*: P. 4*-10*. 
Tennessee university. Agriculture, School of. 
Report on experimental work. Exp. ’79-’86||. 
Continued by Tennessee. Agricultural experiment station, gq. v. 
Terrestial magnetism and atmospheric electricity. Chicago, Ill.; Cincinnati, 
©O.; Baltimore, Md. I. U. 4, 5. 
Texas academy of science. Austin, Tex. 
iiransactions,, Ac. Uo) 2% 2 S.A pt.2ts. 459-0 No. IPs 
Texas. Agricultural experiment station. College Station. 
Annual report. Exp. 1-14: P. 1+. 
Bulletin. D.7: Exp. 1-77, 79-86, 88-+-: P.1-++:S. L. ’05+-*. 
Texas. Agriculture, Department of. Austin. 
Annual report. Exp. 1. 
Bulletin. Exp. 1, 3-7, 10-12, 14, 15, 19, 20-22, 24-28. 
Texas farm cooperator. Ft. Worth. Exp. 34*, 35+. 
Texas farmer. Ft. Worth. Exp. 33*, 34+. 
Texas farmers’ congress. Beaumont. 
Annual report. Exp. 14: P. 3-5, 9, 15. 
Texas geological and mineralogical survey. 
Bulletin. P. 3-4, 7-9. 
Texas university. Austin. 
Bulletin. Medical series. Ac. 2, 3. 
Official series. Ac. 39. 
Reprint series. Ac. 2. 
Scientific series. Ac. 4, 6, 8, 10-17: I. U. 12, 138: N. D. 14, 20+: P. 
AG, ol les, boo Lis, 159: Iv. bo 2d. 
Record. P. 2-4*. 
Mineral survey. Bulletin. P. 3, 4, 7, 9||: R. P. 7-9][. 
Therapeutic gazette. Detroit, Mich. D.o.s. 4-11. 
Therapeutic notes. Detroit, Mich. I. U. 10+. 
Things chemical. N. D. ’06*, ’07*. 
Tidsskrift for skovaesen. Copenhagen, Denmark. N. D. 718+. 
Timehri. Journal of the royal agricultural and commercial society of British 
Guiana. Damerara. N. D. III. 1*, 2*, 3+. 
Tokyo (Japan) botanical society. 
Botanical magazine and proceedings. N. D. 24+. 
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Tokyo (Japan) university. 
Journal. N. D. 1+. 
Toronto (Can.). City engineer. 
Report. P. 93, ’95-’97, ’99, ’01, 02. 
Toronto (Can.) school of practical science. 
Papers. P. 7-20. 
Toronto (Can.) university. Chemical laboratory. 
Papers. Ac. 40-52, 54-72, 74-94. 
Toronto (Can.) university. Physical laboratory. 
Papers. Ac. 18-40. 
Toronto (Can.) university. Engineering society. 
Applied science. P. 1, 2: R. P. ’92-’98, ’00-’06. 
Called Papers before 1903. 
Toronto (Can.) university. 
Studies. Anatomical series. P. 1. 
Biological series. Ac. 411: N. D. 3+: P. 1-3. 
Chemical series. Ac. 40-52, 54-72, 74-93. 
Geological series. Ac. 3-7: N. D.1+: P. 1, 2. 
Pathological series. Ac. 1. 
Physical science series. Ac. 1-4. 
Physies series. Ac. 18-36. 
Physiological series. Ac. 47: P. 1-3. 
Psychological series. Ac. 2? 34, 1: P. 1, 2. 
Torrey botanical club. New York. 
Bulletin. Ac. 12-21, 25: D. 19+: F. 15, 17, 18: I. U. 18-19, 21+: N- D. 
14, 15*, 16-24, 25*,. 26, 27, 36", 37-F:: W~ Tp. 
Memoirs: (Dil, 254-00) Ul, 695 2s. 
Torreya. D. 1--: N. D: 11-. 
Town planning review. Manchester, England. G. 3+. 
Trade; a journal of the canning industry. Baltimore, Md. Exp. 34*, 35+. 
Transit. See under Iowa (state) university. 
Transvaal agricultural journal. Pretoria. Exp. 1*, 2*, 3*, 4-8, 9%. 
Transvaal. Agriculture, Department of. Pretoria. 
Annual report. Exp. ’03-’08. 
Traveling engineers association. 
Proceedings. P. 1-7, 9. 
Trenton (N. J.) natural history society. 
Journal. Ac. 11-3, 2). 
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Trondhjem (Norway). See Kongelige norske videnskabers selskab. 
Trucker and farmer. New Orleans, La. Exp. 4*, 5+. 
Tufts college. Tufts college, Mass. 
Siauliess Ney Wan So te Mee ai 
United States. Agriculture, Department of. Washington, D. C. 

Annual report. D. 63, ’65, 67, ’68, ’73, ’75-’80, ’85-’93: Exp. 747, 748, 
50, ’51, ’53-59, "61+: P. ’48-’60, ’62-’83, ’98+: R. P. 762+: S. L. 
743*-+-:S. N. 751-’05, ’07--. 

Called Report of the commissioner of agriculture until 1888. After that called Report of 
thesecretary ofagriculture. Since 1894thescientificand general informational matter 


has been published separately from the administrative report in the Year book gq. v. 
Department report series. Exp. 12, 14, 16, 18, 20, 22, 24, 26, 27, 30, 36, 
39, 43, 47, 48-50, 52, 55-85, 88-90, 92+: P. 59-63, 65-72, 74, 75, 77, 78, 
80, 83, 84, 86+:S. N. 5, 58, 60, 63, 65, 68-72, 74, 75, 77, 80, 86-+. 
Farmers’ bulletins. Exp. 1-375, 377+: N. D. 1+: P. 1+: R. P. 9-356: 
S. L.1+:8. N. 1+. 
Library bulletin. Exp. 1-+-: P.1+:S. N. 40+. 
Library monthly bulletin. Exp. 1, 2+:P.1+. 
Miscellaneous reports. Exp. 1-10)|: 8. L. 1-10)]. 
Special reports. D. 18-37: 8. L. 0. s. 1-65||. 
Yearbook. D. ’94-’97, ’07, 708, ’710-++-: Exp. ’94+: N. D. 1+: P. 794+: 
R. P. 794+: 58. L. 794+:8. N. 94+. 
Continues the scientifie and informational matter of the Annual report q. v. 
United States. Agrostology, Division of. 
Bulletin. D. 11-20: Exp. 1, 2, 4-7, 9-25||: P. 1-7, 9-25||: R. P. 2-25||: 8. N. 
1, 2, 4. 6, 8, 9, 12-16, 18, 19, 21-25]|. 
Continued as United States Plant industry, Bureau of, q. v. 
United States. Animal industry, Bureau of. 
Annual report of the bureau. D. 24+: Exp. 1+: P. 1-16, 21+: R. P. 1-24: 
S. N. 784, 787-92, 797-03, ’?07-+-. 
Annual report of the chief. Exp. ’89-’91, 95-03, 705, 706, ’08-’10, 712+. 
Bulletin. D. 2-4, 6, 7, 10-15, 17, 20-22, 24, 25, 31, 32, 34, 38, 39, 42, 44-53, 
56-58, 60, 63, 66-101, 103-139, 141-159, 161-164, 166+: Exp. 1-78, 80- 
106, 108-124, 125, 126-159, 161-164, 166+: P. 3-5, 7-9, 11, 138+: R. P. 
10-11, S. N. 9, 15-18, 28, 30-34, 36, 39. 
United States astrophysical observatory. 
Annals. D. 2+:N.D.1+:R. P. 1+. 
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United States. Biological survey, Division of. 
Annual report. Exp. ’87-’89, ’98, ’01-’09, ’11+:N.D.1+. 
Bulletin. D. 1, 6, 8, 10, 15-17, 20, 22-+-: Exp. 1, 3--? N. D. 1-=: N@e, 
1: P. 1-37, 39--: S. L. 9--: 8. N. 7-9, 12, 15--. 
Circular. Exp. 14-17, 20, 23-35, 38-40, 42-44, 46-47, 51+: N. D. 1+: 
P. 1-61, 63-85, 87-90, 92+: S. L. 17+:S. N. 28+. 
North American fauna. D. 1-5, 7, 11, 12, 17, 20, 23: Exp. 1-5, 7, 8, 10-++: 
P. 1-4, 7, 8, 10+: S. L. 1+: 8. N. 2-5, 8-10, 11-18, 15, 17, 18, 20-26, 27--. 
Formerly United States. Ornithology and Mammalogy, Division of, gq. v. 
United States. Botany, Division of. 
Annual report. Exp. ’85, ’86, ’88-’91, ’93, ’94, ’96-’98: P. ’86, ’88-’95. 
Bulletin. D. 1, 3, 6, 8, 15-25, 27: Exp. 1-29||: P. 1-3, 5-8, 12-29]|: ReoP: 
16-29]|. 
Circulars. Exp. 1-30||: P. 2-30||: S. L. 9, 12, 15, 18, 23-30]|. 
Continued as United States Plant industry, Bureau of, q. v. 
United States brewers’ association. 
Proceedings. P. ’08-’11. 
Yearbook. P. ’09+. 
United States census bureau, forest products. P. ’07+. 
United States. Chemistry, Bureau of. 
Annual report. Exp. 790, 793, ’97, 798, ’00-’03, ’05, 07+: N. D. 1+: P. 
90, ’98-’01, 703-05, 708. 
Bulletin. Exp. 3, 8, 9, 11-96, 99-113, 115-160, 163+: N. D. 1+: P. 1-6, 
8-10, 13-15, 17, 18, 20+: R. P. 13-124: S. L. 1+:8S. N. 138, 15, 20, 21, 
34, 39, 40, 42, 46-58, 62+. 
Circulars. Exp. 1, 2, 3-6, 7-18, 20+: N. D. 1+: P. 1-77, 79-85, 87+: 8S. L. 
1+:8. N. 5, 16, 41+. 
United States. Coast and geodetic survey. 
Annual report. D. ’52, °54, ’55, ’60, ’62-’68, ’71-’73, ’77-’89, 791+: N. D. 
1]. Pool Re Pe t5ll="57,. 59="02,) 04="09, Ofte SN wo oO 
61, ’78-'95, ’97-+. 
Bulletin. N.D.1+: R. P. 417, 19-21, 25, 26, 28, 29, 32, 33, 35-38, 40+. 
Charts. N. D. 1+. 
Special publications. P.1,5+:R. P. 4,7, 10+:S. L. 3-5, 7-12. 
Surveys. N. D.1+. 
Tide tables. D. ’03-’05, ’07, 138: N. D. 1+: P. 08+: 8S. N. 702+. 
U.S. coast pilot. Atlantic coast. D.1-8:8. N. 1-6, 8. 
Pacific coast. D. 1:8: N. 1. 
U.S. magnetic tables and magnetic charts. D.’05:S8. N. 05. 
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United States. Engineer department. 
Professional papers. N. D.1-+: BR. P. 22, 23, 25, 26, 28. 
Report of chief. R. P. ’68-++: 8. L. 67+: S. N. 83, ’07-+. 
Report of examination and surveys. N.D.1+. 
United States. Engineer school. Washington, D. C. 
Occasional papers. N. D. 1+. 
United States. Entomological commission. 
Annual reports. Exp. 3-5|/: P. 1-4. 
Bulletins. D. 1-7||: Exp. 1-8, 5-7||. 
United States. Entomology, Bureau of. 
Annual report. Exp. ’08, 710+: N. D. 1+. 
Bulletin: Deo. s.6, 7, lO i3s-i7e 19) 21 23°25, 27-30) 32, do3 Me Sad) Oy a 
11-20, 23, 26-30, 32, 37-39, 41-44, 46-50, 52-54, 56-80, 82, 84, 86-93, 95, 
97-98, 100-110, 112+: Exp. o. s. 4-25, 27-33; n. s. 1-82, 84-93, 95*, 96*, 
O72 98) LOOMIS) Wb 164) Tii7-205 127-22 N- DD. 1-e: Peo. s. 6, 10) Il. 
13, 14, 17, 19, 20, 22-25, 27-29, 31, 32; n.s.1+: S. L.o.s. 1-33; n.s. 1+: 
S. N. o. s. 4, 6, 9-19, 22, 29, 31, 45-50; n. s. 1, 3, 4, 6-9, 25, 27-30, 52+-. 
Bulletin. Technical series. D. 2, 3, 10+: Exp. 1-3, 5-13, 15, 16*, 17*, 
19*, 20*, 21-23*, 24, 25*, 26+: N. D.1-+: P. 14+. 
isectauten Dealt xp. dail P. 2,°37,5.45.5%, || Ps Waa oes alc 
W. 1-7||. 
Special report. Exp. 1-3, 5-8. 
United States. Ethnology, Bureau of American. 
Annual report. E. 1-26: Exp. 26: F. 2-23: L. P. 1-22: N. D. 1+: N. H. 
Ie28i6Ps U-35 5-19, 21--> KR. PP. 1-: S: L. 1-262 -T. A. “79-789, 7°93, 


1945, -96-|-2 
Bulletin. F. 25-27: I. U. 25, 30-36, 39, 42-45, 47+: P. 33+: R. P. 1-48: 
S. L. 1-52: S. N. 6-23, 25-45, 47+-: T. H. 25-29, 32-35, 37+: W.1-+. 


Ethnological survey publications. P. 1, 2*,4*: S. N.1. 
United States. Experiment stations, Office of. 

Annual report. D. *08--: Exp. ’01-’09, ’11-++-: N. D. 1-++: P. 701+: R. P. 
701, ’04-’07: S. N. 07-710. 

Annual report of director. Exp. ’89+-: P. ’89, ’91+. 

Bulletin. Exp. 1-253, 255+: N. D. 1+: P. 1+: R. P. 1-210: S. N. 1, 3-7, 
10-20, 22-25, 65-68, 80, 83-85, 88-106, 108-118, 120-130, 182+: 8. L. 1+. 

Experiment station record. DD. 1*, 2*..3-5, 67, 7, 9*, 10*, 11*, 13%) 14*, 
ISS lGeal-20,.215" 22", 23-- > Exp: I>: N. DD) 1b. t- oRs Pe 
3-20: S. L. 1+: 8. N. 8+. 
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Experiment station work. Exp. 1+: P.1+:58.N. 2. 
Farmers’ institute lecture. Exp. 1-14: P.1+:8.L.14+:8.N.1+. 
Miscellaneous bulletins. Exp. 1, 3)): P. 1-3}]. 
United States. Fiber investigations, Office of. 
Report. D. 2-9: Exp. 1-11||: P. 1, 3-11||: R. P. 8-11l]. 
Continued in United Statas. Botany, Division of. gq. v. 
United States. Fisheries, Bureau of. 
Bulletin. . D. 1-8, 11-17, 274+: L. B. 1-2 NL De 1S NN. EE 8 ieee 
12s 18), IRA ie Sy Ne dieEs “be dal lee. 
Documents. P. 603*+: S. N. 602-604, 609, 610, 612, 613, 618+. 
Eeonomic circular. N. D.1+: 8. L. 712+. 
Report. D. ’71-’72, ’78, ’82, ’87-’99: Exp. °91-’92: I. U. 71, *72, *73="04: 
L. P. ’71-’74, °77-’81, ’83-++: N. D. 1--: N. H..’71, 787,704: Po -iieaii, 
?79-"88, °94-’06: R. P..’71-’87: S. L. ’71--; T. H. 773-"04: W. 
Before 1903 known as Commission of Fish and Fisheries. 
United States. Food and drug inspection, Board of. 
Food inspection decisions. P.1+*. 
United States. Forestry service. 
Annual reports. Exp. ’93, 797, ’08, 709, ’11+: P. ’91-’93, ’99-’06, ’09. 
Bulletin. D. 6, 10-12, 33, 35, 37-41, 48, 45-48, 50-52, 54-61, 63-76, 78-81, 
83-97, 99-112, 115, 119, 121-123, 125+: Exp. 2, 422, 24-119, 121-123, 
125+: F. 7, 15, 16, 20, 21, 24-26, 31-34, 41-43, 45-52, 54, 55: L. P. 15-17, 
19, 20, 25-32, 34, 35, 37-58, 60, 63-66, 68-73, 75-81, 83-90, 94, 97-102, 
104+: N. D. 1+: P. 2, 4-10, 12-21, 244+*: R. P. 9-74, 77, 104+: S. L. 
1+: 8. N. 7, 9, 30-35, 37-++-: T. H. 15+. 
Silvical leaflets. L. P. 12, 15-24, 26-33, 35-37, 39, 41, 42: N. D. 1--: P 
1+: 58. L. 3-++*. 
Report on forestry. S. N. 2-4. 
United Siates. Geographical and geological survey of the Rocky mountain 
region. 
Contributions to North American ethnology. D.1, 3-5: P. 4-7, 9l|: S. N. 
65 7, 9\|- 
Vol. 8 never published. 
United States. Geographical and geological survey west of the 100th meridian. 
Report. (Dr 2-76 No D3 1-7: Pals, 7% 
United States. Geological and geographical survey of the territories. 
Bulletin. D. 3*, 4-6: P. 4-6*. 
Report. D. 1-3, 6-11, 13||: N. D. ’52: P. 1-3, 5, 6, 8-10, 12, 13||: So Now, 
Soo sono 


dol 


United States. Geological exploration of the 40th parallel. 
Inert, ID), Woe INfS ID, Ware 1a, 4/5 4 Oe 
United States. Geological survey. 
Annual report. D. 3-5, 8, 11: E. 1-13*, 14-22*, 23+: F. 3-25: I. U. 1+: 
IW 1S ERE ING IDS WEES ING sla y4tEe ley ee laeenet\ oa lS tse db Anrioertse 
T. H. 1, 4-9, 14--. 
Bulletin. E. 80-87, 90-97, 173, 177, 215, 217-222, 248: G. 400+: I. U. 1+: 
lheiee le IN. Dep Ne Ee dees Pe es Re Pee Ss due l-PSaN. 
1-273, 322-470, 472+. 
Geologic folios. N.D.1+: R. P. 1+. 
Mineral resources of the United States. D. ’67, 68, ’83-’88, 791, 792: F. 
782-99; 708: 1: U- 782: i P: *66*--» Ne Hi. 67, 68; 783-793, P. 267, *68;, 
*70, °73, *74, 76, 82-93, °96, 797, ’00-++: R. P. *67, *68, ’83-"93: S. N. 
’83-'93, 98+: T. H. ’83-’88, 791-’93, 700+. 
Monographs. E. 1-52-+: F. 25-48: J. U. 1-8, 10-49, 52+: L. P. 1*-+: 
N. D. 1+: N. H. 1-50, 52: P. 14+: R. P. 1+: S. N. 1-48, 51, 52-4: 
T. H. 2, 3, 6, 8, 15-18, 20, 21, 23-31, 33-46, 49-++. 
Professional papers. F. 1-39: I. U. 1-68, 70, 72, 73, 75-++: N. D: 1+: P. 
1+: R. P. 1-43, 48: S. N. 1+. 
Topographic atlas. R. P. 1-3. 
Water supply and irrigation papers. I. U. 1+: L. P. 1*+: N. D. 14: P. 
1+: R. P. 1+: 8S. L. 1+: S. N. 40-256, 261-280, 284+: T. H. 42+. 
United States. Health, National board of. 
EVE DOMte Hi SO0s) 2525000 seis O0. Gas 
United States. Hydrographic office. 
Bulletin. N. D. 1+. 
Charts. N. D.1+. 
Notices to marmers. N. D. 1+. 
United States. Hygienic laboratory. See under United States. Public health 
and marine hospital service, Bureau of. 
United States. Isthmian canal commission. 
Annual report. S: N. ’07+: P.’05-+. 
United States. Life-saving service. 
Annual report. R. P. 784, ’07+: 8. N. 01+. 
United States. Lighthouse board. 
Annual report. i: P.7716, 47, -79, *81, “84——. 
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United States. Microscopy, Division of. 
Annual reports. Exp. 792: P. 791-793. 
Food products. Exp. 1, 2: P. 1-3]|. 
Special reports. Exp. 784, 785. 
United States. Mines, Bureau of. 
Bulletin. P. 1-80, 34-37, 39-41, 43-53, 55, 56, 59, 61-66, 69, 71: R. P. 1+: 
S., . 1-67: 
Miners’ circular. P. 2-6, 8-12, 15: R. P. 3-++: S. L. 2-6, 9-11. 
Inveyoorer, 127, MISS Sy. Ib, At, ae 
Technical papers. P. 1-383, 36-44, 46-49, 51-55, 60: R. P. 1+: 8S. L. 1+*. 
United States national herbarium. Washington, D. C. 
Contributions. D. 1*, 2, 3*, 4, 5*, 10*, 11-++: Exp. 1*, 2-9, 10*, 11-3 bk. Pz 
5*, 6*, 7*, 8*, 9*, 10*, 11*, 12*, 13, 14*, 15*, 16+: N.-D. 1*, 24, 9, 10*, 
11+: P.1+: R. P.1+: 8. N. 2+: T. H. 5+. 
United States national museum. See Smithsonian institution. 
United States naval medical bulletin. I. U. 1+: N. D. 1+: -P. 1*, 2+: 
United States. Nautical almanac office. 
American ephemeric and nautical almanac. N. D. 1+: P. ’83-’91, 793+: 
R. P. 782, ’86-’90, ’94-’96, ’98-+-: S. L. ’86-++: S. N. 755, ’65, *69, 770° 
76, °77, ’79, ’80-’84, ’96, 00+. 
United States naval observatory. 
Annual report. R. P. ’89, ’90, ’92, ’98, ’99, 701, ’03. 
Magnetic observations. R. P. ’88-’94. 
Meteorological observations. R. P. 783-790. 
Observations. S. N. ’83. 
Publications. P. II. 1-3, 5: R. P. Tl. 1+: 8. L. IL. 1-798) Nae 
Washington observations. D. ’81-’92: P. ’62, ’81-’92: R. P. ’86-792. 
United States. Navigation, Bureau of. 
Annual report. R. P. ’00-’01. 
United States. Ordnance bureau. 
diestroimetalss Rees 79-- Se lee Sars 47002 
United States. Ornithology and mammalogy, Division of. 
Bulletin. S. i. 3-8: 
Continued as United States. Biological survey y. v. 
United States. Patent office. 
Annual report. IN. D. 1-4-:S. X? ’47, 755, 61), °64, °99--. 


Decisions of the commissioners. S. N. 799+. 
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Official gazette. G. 157+: L. P. 47-+:N. D.14+:N.H. 707+: P.1+:R. 
P.1+:8. L. 1+: T. H. 753-63, ’88-+. 

Specifications and drawings of patents. R. P.’71+:8. L. ’71+. 

United States. Plant industry, Bureau of. 

Bulletin. D. 1, 20-23, 25, 26, 28-37, 39-48, 45-51, 53-63, 66, 68, 69, 71, 
73-75, 77-135, 137-162, 165, 168, 171-173, 175-197, 199-235, 237-258, 
260-272, 274, 277-++: Exp. 1-91, 93-96, 98-108, 110+: F. 14, 44, 46, 90*: 
INGO AER Pav l=45) 47 Rika IAS oe 1s, 20l-=s Se Ne 1e63h 65-1. 

Report. N. D. 1+: P. i-4. 

United States. Pomology, Division of. 

Annual report. Exp. ’92-’97: P. ’91, ’93-’95. 

Bulletin. D. 1, 2, 6, 10||: Exp. 1-10||: P. 1-10): S. N. 2, 4, 5, 7, 9, 10]. 

Miscellaneous reports. Exp. 783, 796. 

Continued in United States. Plant industry, Bureau of. 
United States. Public health and marine hospital service, Bureau of. 

Annual report. N. D. 1+: P. 94:8. L. 703+: S. N. ’03-++: T. H. ’94-’97, 
799-+-. 

Hygienic laboratory. Bulletin. I. U. 70-74, 76-78: N. D. 1+: P. 1+: 
See 8 ee Se NeeS 011s 13.14) 16-39) 36-62, 64278, 84-5. 

Public health bulletin. D. 7, 19, 22, 23, 26-28, 30, 32-35, 38-47, 49-55, 
59+: 8S. L. 4+*. 

Public health reports. N. D.1-++: P. 14+: 8. Lb. 19+: 8. N. 15-17, 20+: 
T. H. 11+. 

Transactions of annual conference with health officers. N. D. 1+: P. 
1+:S. N. 703+. 

Yellow fever institute. Bulletin. N. D. 1+: P.14+:8. N. ], 3. 

United States. Public road inquiries, Office of. 

Annual report. Exp. ’02, 08+: P. 703. 711+. 

Bulletin. Exp. 1, 3+: N. D. 1+: P. 1-26, 28+: R. P. 16, 19-34, 38, 40+: 
S. N. 4+. 

Circulars. Exp. 14-30, 32+: N. D. 1+: P. 14-64, 66-67, 83-85, 87, 89+: 
R. P. 19+. 

United States. Reclamation service. 

Annual report. S. N. 6+4-: P. 2, 4+. 

Maps. N.D. 1+. 

Publications. N. D. 1+. 

United States. Seed and plant introduction, Section of. 


Inventories. Exp. 1-8. 
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United States. Signal service. 
Annual report of chief signal officer of the army. R. P. ’79, ’84, 86:8. N. 
88. 
Professional papers. S. N. 4, 15. 
United States. Soils. Bureau of. 
Annual report. Exp. 796-701, ’04, ’06+: N. D. 1+: P. ’97-’00, ’03. 
Bulletin. Exp. 1-19, 21-77, 80-93, 95+: N. D. 1+: P. 1-39, 41+: R. P. 
5-56: S. L. 1+: 8. N. 1-4, 17-19, 21+. 
Circular. Exp. 2-6, 8-76, 79+: P.3+:8S. L. 5+*. 
Field operations. N.D.1+: P. ’89+: R. P. ’99-’06: S. N. 99+. 
Publications. N. D. 1+-. 
Surveys. N. D. 1+. 
United States. Standards, Bureau of. 
Bulletin. D.1+:G.6+:N.D.1+: P.1+:R. P. 14+: S. L. 2-7:S. N. 2+. 
Circulars. N. D.1+:P.1+:R. P. 2, 4+: S. L. 3+. 
Conferences. D.1-+:N.D.1-+: P. 1+. 
Reprints. N. D. 1+. 
Technologic papers. D. 1-5,7+:R. P. 1+: W. 
United States. Statistics, Bureau of. 
Bulletin. P. 22, 24, 25, 27, 77, 81-85, 88, 90, 94, 93-96, 99+: S. N. 24, 25 
Pf a= 
Circulars. Exp. 1-13, 15+: P. 1+:S. N. 1-13, 16+. 
Crop reporter. Exp. 1*, 2*, 3-7, 8*, 9-14, 15+: P. 2+. 
Continues Monthly reports q. v. 
Miscellaneous bulletin. Exp. 1-79, 81-85, 88-91, 93-96, 99+: S. N. ’90-’03. 
Monthly reports: Exp. o. s. 3, 5-10, 11*, 12, 13: n. 8. 1,.2*) 3% 46.7— 
8:14: 8. N. n.s. 112+. 
Continued by Crop reporter, q. v. 
Special report. Exp. o. s. 1, 2, 4, 6, 10-42, 44-63, 65. 
United States. Steam engineering bureau. 
Annual report. N. D. 1+. 
Publications. N. D. 1+. 
Specifications. N.D. 1+. 
United States. Surgeon-general’s office. 
Index catalogue of the library. P. I. 1-3, 5-16; II. 1-10, 12+: T. H. II. 
jlo 
Report. N. D. 1--. 


United States. Vegetable pathology, Division of. 
Bulletin. D. 1-7. 
Continues in United States. Vegetable physiology and pathology, Division of. 
United States. Vegetable pathology, Section of. 
Bulletme. De 53%, 95.10: 


Continues in United States. Vezetable pathology, Division of. q. v. 


qd. Uv. 


United States. Vegetable physiology and pathology, Division of. 

Annual report of the chief. Exp’ ’87, 789’ 792, ’96-+-. 

Bolletme D2s8-10, 21,23. 25: Wxp.. 1-10,012-29||7 P. os. 7;, Lis ny se i-3 
5-29||: R. P. 8-29||: S. L. 1-14, 16-19, 21-29]]: S. N. 5, 8, 10, 11, 15, 16, 
lig 19-20) 23) 28, 29|l: 

See also Journal of mycology. 


Continued in United States. Plant industry, Bureau of. q. v. 
United States veterinary association. See American veterinary association. 
United States. War department. Report of explorations and surveys to 
ascertain the most practicable and economic route for a railroad from 
the Mississippi river to the Pacific ocean. S. N. 2, 8, 9, 12*. 
Botanical report. N. D. 757. 
United States. Weather bureau. 
Bulletin. D. 36: Exp. 1-10, 11*, 12-16, 19, 21, 22, 24-32, 35-37: Exp. C-H, 
OV SreNe Ge Preky G EL. Ie Tv ON P.O. RK. S70 BK. 
Monthly weather review. D. 37*, 38+: Exp. 12*, 17*, 23*, 31*, 32*, 
33-36, 37*-40*: N. D. 1+: S. N. 20-238, 30+. 
Proceedings of the convention of weather bureau officials. S. N. 1-3. 
Report of the chief. D. ’91, ’06+-: Exp. 700+: N. D. 1+: R. P. ’91+: 
S. N. ’99-+-. 
Weather bulletins. S. N. 1. 5-16, 14, 16-22. 24, 26, 28, 30-33, 35, 36+. 
Weather maps. N. D. 1+. 
United States. Yellow fever institute. See under United States. 

Public health and marine hospital service, Bureau of. 
Unterrichtsblaetter fiir Mathematik und Naturwissenschaften. I. U. 1+. 
Upper lowa university. 

Bulletin. Biologica! series. N. D. 11. 

Upper Iewa university. Biology laboratory. 

Contributions. P. 1-3. 

Upsala (Sweden) university. 
Bulletin. Ac. 1-11*. 


Upsatser praktisk entomologi. Upsala, Sweden. Exp. 20-22. 
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Up-to-date farming. Indianapolis, Ind. Exp. 13*. 

Utah. Agricultural experiment station. Logan. 

Annual report. Exp. 1+: P.1+:S. L. ’98-’03*. 
Bulletin. D. 69: Exp. 1+: P.1+:8. L. ’98+. 

Utah. Farmers’ institutes. Salt Lake City. 
Annual report. Exp. 4, 10-13: P. 1-6, 8-13. 

Utah. Horticultural commission. Logan. 

Biennial report. Exp. ’09-712. 
Bulletin. Exp. 1. 

Utah (state) horticultural society. Salt Lake City. 
Proceedings. Exp. 712. 

Utah. Horticulture, State board of. Salt Lake City. 
Biennial report. Exp. ’03-’04. 

Vanderbilt university. Nashville, Tenn. 

Quarterly. I. U. 2-3, 5--: P. 1*; 2, 3*, 5*, 5-8. 
Van Nostrand’s chemical annual. New York. P. 1+. 
Van Nostrand’s engineering magazine. New York. P. 1-35||: R. P. 1-35)|. 
Continued in American engineer and railroad journal. q. v. 

Vegetable growers. Chicago, Ill. Exp. n.s. 1*, 2*, 3+. 

Vegetable growers’ association of Ontario. Toronto. 
Report. Exp. 1+. 

Verein deutscher Ingenieure. Berlin, Germany. 
Zeitschrift. Ft. W. 57+: R. P. 43+. 

Verein fiir Erdkunde. Leipzig, Germany. 

Mittheilungen. Ac. ’84, ’85, ’94-’11. 
Wissenschaftliche Ver6ffentlichungen. Ac. 3-7. 

Verein fiir Naturwissenschaft zu Braunschweig (Germany). 
Jahresbericht. Ac. ’87-’09. 

Verein zum Schutze der Alpenpflanzen. Bamberg, Bavaria. 
Berichte. N. D. 12. 

Vermont. Agricultural experiment station. Burlington. 
Annual report. D. 13: Exp. 1+: P. 1, 3-8, 10+: S. L. ’87, ’88, 90, ’91. 
Bulletin. D. 83, 108: Exp. 1-159, 161+: P. 8+: 8S. L. 142, 143. 

Vermont. Agriculture, State board of. North Pomfret. 
Annual report. Exp. 7, 9-12: P. 5, 11-28. 

Vermont. Agriculture, Department of. Plainfield. 

Annual report. Exp. 1: P. 1+. 
Bulletin. Exp. 2, 3, 5, 8-15. 


Vermont botanical club. Burlington. 
Annual bulletin. N. D. 1+. 

Vermont dairymen’s association. 
Annual report. Exp. 19: P. 40-41. 

Vermont (state) geological survey. Montpelier. 
Report. N. D.n.s. 3+. 

Vermont (state) highway commission. Montpelier. 
Biennial report. N.D.7-+. 

Vermont (state) horticultural society. Burlington. 
Annual report. Exn. 2, 4, 5, 8. 

Vermont. Jbrary commission. St. Johnsbury, Vt. 
Biennial report. Exp. 8. 

Veterinarian. London, England. Exp. 1-62, 66-75. 

After 1902 continued in Journal of comparative pathology and therapeutics, q. v. 
Veterinary journal. London, England. Exp.n.s. 1+. 
Veterinary journal and annals of comparative pathology. London, England. 

Exp. 1-49. 
Veterinary magazine. Philadelphia, Pa. Exp. 1, 2. 
Veterinary medical association. London, England. 
Proceedings. Exp. 1-5. 
Transactions. Exp. 1-3. 
Veterinary record. London England. 
Transactions. Exp. 1-6. 
Vick’s illustrated monthly magazine. Rochester, N. Y. N. H. 1-13. 
Victoria (Australia). Agriculture, Department of. Melbourne 
Annual report. Exp. 05-10. 
Bulletin. Exp. 1-16, 22-24. 
Guides to growers. Exp. 49, 50. 
Jounal, Tbajs I, 2 ass A ae 
Leaflets. Exp. 1. 
Yearbook. Exp. ’05. 
Victorian institute of engineers. Victoria, Australia. 
Proceedings. P. 10, 11. 
Victoria institute of Trinidad (British West Indies). 
Proceedings. Ac. 1, 2, 4. 
Videnskabs-selskabet. Christiania, Norway. 
Forhandlinger. N. D.’12+. 
Vienna. See Wiener. 
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Virginia. Agricultural experiment station. Blacksburg. 
Annual report. Exp. ’89-’93’ ’95-’06, 708+: P. ’91-’94, *97-’06, 708+. 
Bulletins. Exp. 1+: P.2+:S. L. ’05+*. 
Virginia. Agriculture, State board of. Richmond. 
Annual report. Exp. 778, ’88, ’92-’94, 796, ’01, ’03. 
Bulletine “Expl, Qetieds 18.19 335 
Virginia. State crop pest commission. Richmond. 
Circulars) Expo oys] 455 nse 4 so: 
Virginia. State entomologist and plant pathologist. Richmond. 
Annual report. Exp. 5, 8. 
Virginia truck experiment station. Norfolk. 
Bulletin. Exp. 1+. 
Virginia university. Charlottesville. 
Biennial report. Exp. 793, ’94. 
Virginia university. Philosophical society. Charlottesville. 
Bulletin. Science series. Ac. 1'—!?: P. 1. 
Virginia. State veterinarian. Blacksburg. 
Annual report. Exp. 1-3, 5. 
Wagner free institute of science of Philadelphia (Pa). 
Transactions. Exp. 7. 
Wallace’s American trotting register. S. L. 1-13. 
sfarmer. Des:Moines, Ia, Exp. 287, 29, 307, 31*, 327.7337 ,0e4e" 
35*, 86+: P. 30+. 
Waillace’s monthly. New York. S. L. 1-14. 


Wallace’ 


Warren (Pa.) academy of science. 
_Reports and papers. Ac. 707-708. 
Transactions. Ac. 1': 2: N. D. 1+. 
Washburn college. Topeka, Kan. Laboratory of natural history. 
Bulletin. Ac. 1!-*, 28. *. 11, 
Washburn observatory. See Wisconsin university. 
Washington (D. C.). See Biological society. 
Washington (D. C.) academy of science. 
Journal. P. 1+. 
Proceedings. Ac. 1-+-: T.:U. 1-4: N. D. 1+: P. 1-+: BR. P.1-13: §. Noe 
Washington (state). Agricultural experiment station. Pullman. 
Annual report. Exp. 1-8, 10+: P. 1, 6, 8, 16+. 
Bulletin. Exp. 1-106, 109+: P. 1-8, 13, 20-26, 28-47, 49-61, 63+. 
Popular bulletins. Exp. 1, 4, 6-7, 9-12, 14-15, 18-24, 26, 28-32, 34+. 
Special bulletin. Exp. 1-6, 8+. 


Washington (state) fruit grower. North Yakima. Exp. 3*. 
Washington (state). Highway commission. 
Biennial report. Exp. 3: P. 3. 
Washington (state) horticultural society. Walla Walla. 
Annual report. Exp. 7. 
Washington university. St. Louis, Mo. 
Record. P. ’09--. 
ihesess ses 7 142 
Washington university association. 
Bulletin. P.1+. 
Wellcome research laboratories. Khartoum, Africa. 
Annual report. Exp. 2-4. 
- West American scientist. San Diego, Cal. Ac. 1, 3-8, 10-15*: Exp. 12*, 
a5 Tea lee 
West Virginia. Agricultural experiment station. Morgantown. 
Annual reports. D.3: Exp. 1-15: P. 1+. 
Bulletin. D. 3-6, 12, 14-47, 19, 22, 25-27, 30, 44, 53, 54, 64, 65, 67, 68, 69, 
96, 112-116, 1384; Exp. 1+: P.1+:S. L. 710+. 
Inspection bulletin of department of chemistry. P. 1+. 
Report of the work of the experiment station for the destruction of the 
San Jose scale. Exp. 701+. 
Special bulletin. Exp. 1+. 
West Virginia. Agriculture, State board of. Charleston. 
Bienniai report. Exp. 3, 5-7. 
Quarterly report. Exp. 1+. 
West Virginia. Conservation commission. 
Report. P. 1+. 
West Virginia dairy association. 
Annual report. Exp. 8. 
West Virginia (state) horticultural society. Morgantown. 
Annual report. Exp. 1, 13, 15, 17, 18. 
Western architect. Minneapolis, Minn. G. 18+: N. D. 4*, 9, 10*, 11, 13%, 
14*, 15, 16*, 17, 18+. 
Western camera notes. N. D. 6%. 
Western Canada irrigation association. 
Annual report. Exp. 710. 
Western druggist. Chicago, Ill. P.8+. 
Western electrician. Chicago, Ill. I. U. 34+: M. 31-43)|: R. P. 4-43}|. 


Combined in 1908 with Electrical review, q. 0. 
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Western farmer and gardner and horticultural magazine. Cincinnati. N. H. 
5:8. L. 1-5. ole 
Western horticultural review. Cincinnati, Ohio. P. 2, 3}!. 
Continued as Horticultural review and botanical magazine. 
Western lancet and hospital reporter. Cincinnati, O. WD. 12-14. 
Western New York apple. Barker. Exp. 1* 
Western New York horticultural society. Rochester. 
Report. Exp. 41-44, 46-56. 
Western Pennsylvania society of engineers. 
Proceedings. P. 22+. 
Western poultry journal. Cedar Rapids, la. Exp. 23+. 
Western railway club. Chicago, Ill. 
Proceedings. P. 5, 6*, 7*, 8-16, 17*, 18*, 19+. 
Western society of engineers. Chicago, Ill. 
Journal. Ft. W. 18+: P. 1+: R. P. 1+. 
Western stock journal. Oregon City, Ore. Exp. 1*, 2+. 
Westinghouse electric company. 
Bulletin. N. D. ’03+. 
Wiener universitit. Institut fiir Anatomie und Physiologie des Centralnerve- 
systems. 
Arbeiten. I. U. 1+. 
Wilson bulletin. Oberlin, O. N. D. 22, 23, 24+: P. 14+. 
Winnipeg (Manitoba). City engineer of. 
Report. N. D. 98, 702+. 
Wisconsin academy of sciences, arts and letters. Madison. 
Transactions. Ac. 10-16: E.3+: P.3-+:S. L. 1-9. 
Wisconsin agricultural experiment association. Madison. 
Annual report. Exp. 3, 4, 6, 7. 
Wisconsin. Agricultural experiment station. Madison. 
Annual report. Exp. 1+: P. 1-5, 7+: R. P. ’03-’07, 710+: S. L. ’89-’93. 
Bulletin. Exp. 1+: P. 1+: R. P. 8+. 
Research bulletin. Exp. 1+: R. P. 1-14. 
Wisconsin (state) agricultural society. Madison. 
Report. S. L. ’59-’68, ’71-'94, 
Transactions. Exp. 2, 5, 8-12, 18, 20-25: P. 1-3, 5-8, 10-34. 
Wisconsin. Agriculture, State board of. Madison. 
Annual report. Exp. 712: P. ’00+. 
Biennial report. P. ’97-’00. 
Bulletin. Exp. 1. 
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Wisconsin agriculturist. Racine. Exp. 33*, 34*, 35*, 36*, 37+. 
Wisconsin archeologist. Milwaukee. I. U. 2+. 
Wisconsin butter-makers’ association. Madison. 
Annual report. Exp. 6-9. 
Wisconsin cane growers’ association. 
Annual report. Exp. 3. 
Wisconsin. (State) conservation commission. 
Report. P. 710. 
Wisconsin country magazine. Madison. lixp. 5*. 
Wisconsin (state) cranberry association. 
Annual report. Exp. 799-711. 
Wisconsin. Dairy and food commission. Madison. 
Annual report. Exp. ’91-’94: P. ’94. 
Biennial report. Exp. 797, ’98, ’01, 02: P. 795-710: S. N. ’92, 94, 96. 
Wisconsin dairymen’s association. 
Annual report. Exp. 17-20, 25, 26, 28, 35-38: P. 6-9, 17+. 
Wisconsin. Dunn county school of agriculture. Menomonie. Exp. 3*, 4*, 5*, 
6%. 
Wisconsin farmers’ institute. Madison. 
Bulletin. Exp. 2, 6-8, 10: P. 1-10, 12, 14, 16-23. 
Wisconsin. (State) forester. 
Annual report. Exp. ’06: P. 706+. 
Wisconsin. Forestry commission. 
Report. P. ’06-’08. 
Wisconsin. Geological and natural history survey. 
Biennial reports. P. 1-5. 
Bulletme I UeM-714. 8-225 25-2 Pe 2-17, 20 sks Ele 1-4. 
Wisconsin. Health, State board of. 
Annual report. P. ’77-’82, ’84, ’85, ’87-’06. 
Wisconsin (state) horticultural society. Madison. 
Bulletin. D. 12: Exp. 1-5, 9-10, 12-13. 
Transactions. D. 13, 19: Exp. ’76, ’78-’86, ’91, 794-96, ’98-’01, 703, 704, 
’06-’08, 710+: N. D. 10: P. ’74-’80, ’85, 789+: S. L. ’87, 88, 790-’94. 
Wisconsin horticulture. Madison. Exp. 1*, 2+. 
Wisconsin. Marathon county school of agriculture and domestic economy. 
Wausau. 
Bulletin lixps 27, a7 047, 5°56", 975 
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Wisconsin natural history society. Milwaukee, Wis. 
Bulletin. Ac. 1) 2, 2+: Exp. 7*, 8-10: N. D. 3+. 
Wisconsin public museum. Milwaukee. 
Bulletin. Exp. 1, 2. 
Wisconsin university. Madison. 
Bulletin. Exp. 141, 459, 480, 507, 508, 537, 547-++. 


Engineering series. E. 2: I. U. 1-4,6+: P. 1+: R. P. 1-5, 6*. 


Science series. EE. 2:1. U. 1+: P. 1+. 
Wisconsin university. Pharmacy, Department of. 
Contributions. P. 1. 
Wisconsin university. Washburn observatory. 
Publications. I. U. 2-11. 
Wisconsin; Winnebago county school of agriculture. Winneconne. 
Quarterly bulletin. Exp. 3, 8, 15. 


Wissenschaftliche Beilage zum Program des Falk real Gymnasiums. 


Germany. N. D. 790. 

Woodcraft. Cleveland, O. Ft. W. 19+: P. 8, 9, 10*, 11+. 

Wood’s crop special. Richmond, Va. Exp. 3*, 4*, 5*, 6*. 

Woodworker. Indianapolis, Ind. Kt. W. 28+. 

Wyoming. Agricultural experiment station. Laramie. 
Annual report. Exp. 791+: P.1+:S. L. 711, 712. 
Bulletin. D. 19, 42-45: Exp. 1+: P.1+:5S. L. 83-96*. 

Wyoming. Dairy, food and oil commissioner. Cheyenne. 
Annual report. Exp. 3-5. 

Bulletin. Exp. 3-10. 

Wyoming. (State) engineer. 
Revort. P. 1-4. 

Wyoming historical and geological society. Wilkes-Barre, Pa. 
Proceedings and collections. Ac. 2!: 2, 3. 

Wyoming. Horticulture, State board of. Laramie. 
Biennial report. Exp. 1-3. 

Special report. P. 1*. 

Yale university. New Haven, Conn. Astronomical observatory. 
Transactions. §S. L. 1*, 2*. 

Yale university. Psychological laboratory. 

Studies. I. U. 1-10;n.s.1+:S. N. 1-10. 
Yearbook of agriculture. Philadelphia. N. H. 56. 
Yearbook of facts (Vincent). London, England. R. P. ’75. 


Berlin, 
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Yearbook of facts in science and art (Timbs). London, England. N. H.’53:R. 
P. ’56-’68. 

Yearbook of nature and popular science. New York. N. H. 773. 

Zeitschrift der deutschen geologischen Gesellschaft. See Deutsche geologi- 
sche Gesellschaft. 

Zeitschrift der naturwissenschaftlichen Ableitung. Posen, Germany. N. D. 
19+. 

Zeitschrift fiir irztliche Fortbildung. Jena, Germany. I. U. 1-6. 

Zeitschrift fiir allzemeine Physiologie. Jena, Germany. I. U. 1+. 

Zeitschrift fiir analytische Chemie. Wiesbaden, Germany. D.32: Exp. 1+: 
I. U. 1+: N. D. 40: R. P. 34-++: W. 32-40. 

Zeitschrift fiir angewandte Chemie. Berlin, Germany. I. U. 1+. 

Zeitschrift fir angewandte Psychologie. Leipzig, Germany. I. U. 1-3, 5+. 

Beihefte. I. U.1+. 

Zeitschrift fiir anorganische Chemie. Hamburg, Germany. P. 1+: W. 1-68. 

Zeitschrift fiir Biologie. Munich; Leipzig, Germany. D. 18. 

Zeitschrift fiir Botanik. Jena, Germany. Fxp. 1-3: I. U. 14. 

Zeitschrift fiir experimentelle Pathologie und Therapie. Berlin, Germany. 
L. U.3--. 

Zeitschrift fiir induktive Abstammung und Vererbungslehre. Berlin, Germany. 
Exp. 5+. 

Zeitschrift fiir Instrumentenkunde. Berlin, Germany. P. 28+: R. P.5. 

Zeitschrift fiir mathematischen und naturwissenschaftlichen Unterricht. Leip- 

zig; Berlin, Germany. I. U. 41+. 

Zeitschrift fiir Mathematik und Physik. Leipzig, Germany. I. U. 40-51, 58+. 

Zeitschrift fiir Morphologie und Anthropologie. Stuttgart, Germany. I. U. 
1--. 

Zeitschrift fiir pidagogische Psychologie, Pathologie, und Hygiene. Berlin, 
Germany. I. U.. 1-12. 

Zeitschrift fiir Pflanzenkrankheiten. Stuttgart, Germany. Exp. 1-4, 6+. 

Zeitschrift fiir physikalische Chemie, Stochiometrie und Verwandtschafts- 
lehre. Leipzig, Germany. I. U. 1+: P.1: R. P. 47-56: W. 1+. 

Zeitschrift fiir physikalische und chemische Unterricht. R. P. 3-5. 

Zeitschrift fiir physiologische Chemie. Strassburg, Germany. I. U. 1+. 

Zeitschrift fiir Psychologie und Physiologie der Sinnesorgane. Hamburg, 
Germany. I. U. 1+. 

Zeitschrift fiir Schulgesundheitspflege. Hamburg, Germany. I. U. 1+. 

Zeitschrift fiir Socialwissenschaft. Berlin, Germany. I. U. 7-12. 
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Zeitschrift fiir Untersuchung der Nahrungs- und Genussmittel. Berlin, Ger- 
many. Exp. 19=—. 

Zeitschrift fiir wissenschafthche Insektenbiologie. Berlin, Germany. Ac. 
Co. 

Zeitschrift fiir wissenschaftliche Mikroskopie und fiir mikroskopische Technik. 
Leipzig; Brunswick, Germany. D. 1-10: Exp. 1-5: 1. U. 21+. 
Zeitschrift fiir wissenschaftliche Zoologie. Leipzig Germany. TI. U. 46-69, 

76-95, 97+: W. 63-68. 
Zentralblatt. See Centralblatt. 
Zoological bulletin. Boston, Mass. I. U. 1, 2\|. 
Contiuned as Biological Et ulletin, g. v. 
Zoological record. London, England. D. 1-24: 1. U. 1-46, 48+. 
Zoclogical society of London, England. 
Transactions. I. U. 15*, 16%. 
Zoologisch-zootomisches Institut. Wirzburg, Germany. 
Arbeiten. I. U. 9*; 10% 
Zoologiscke Station zu Neapel, Italy. 
Mittheilungen. I. U. 1+. 
Zoologischer Anzeiger. Leipzig, Germany. D. 13-17: 1. U. 1+. 
Zoologisches Centralblatt. Leipzig, Germany. I. U. 4-7, 9+. 
Zurich (Switzerland) universitit. Botanischer Garten und_ botanisches 
Museum. 
Mittheilungen. N. D. 713+. 
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